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(54) Ester derivate, liquid crystal composition and liquid crystal display element 

(57) A novel liquid crystalline compound having a large dielectric anisotropy value, a small change in the threshold 
voltage depending upon temperatures, and an improved solubility in other liquid crystal materials at low temperatures, 
and a liquid crystal composition containing the compound are provided, 
which liquid crystalline compound is expressed by the formula (1) 



R-0-(CH 2 )-(A n — Z,)-(A 2 — Z 2 Ha 3 " 
I <n a. 



v 2 




(1) 



wherein R is H or an alkyl group of 1 to 10C; I is an integer of 1 to 9; m, n and o are each independently 0 or 1 ; A 1 , A 2 
and A 3 are each independently trans-1 ,4-cyclohexylene group. 1 ,4-pheylene group, one or more H atoms on the ring of 
which group may be replaced by F, or the like group; Z v Z 2 and 2 3 are each independently -COO-, etc., but at least one 
member of them is -COO-; X is CF 3 ,etc; and Y, and Y 2 are each independently H or F. 
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BACKGROUND OF THE INVENTION 



5 1 . Field of the Invention 

This invention relates to a liquid crystalline compound and a liquid crystal composition, and more particularly, it 
relates to a novel ester compound having a 4-substituted phenyl group, a 3-fluoro-4-substituted phenyl group or a 3,5- 
difluoro-4-substituted phenyl group, a liquid crystal composition containing the compound, and a liquid crystal compo- 
10 sition composed by using the liquid crystal composition. 

Description of the Related Art 

Display elements using liquid crystalline compounds have been broadly utilized for watch, electric calculator, word 
is processor, etc. These display elements are those utilizing the optical anisotropy, dielectric anisotropy, etc. of liquid crys- 
talline compounds. 

Liquid crystal phases include nematic liquid crystal phase, smectic liquid crystal phase and cholesteric liquid crys- 
tal phase, and among these, materials utilizing nematic liquid crystal phase have been most broadly used. Further, dis- 
play modes include dynamic scattering (DS) mode, deformation of vertical aligned phase (DAP) mode, guest-host (GH) 

20 mode, twisted nematic (TN) mode, super-twisted nematic (STN) mode, thin-film transistor (TFT) mode, etc. 

Liquid crystalline compounds used in these display modes are necessary to exhibit liquid crystal phases within a 
broad temperature range around room temperature, has a sufficient stability under conditions under which display ele- 
ments are used; and have characteristics sufficient for driving display elements, but at present, a single liquid crystalline 
compound satisfying these conditions has not yet been found. Thus, it is an actual state that liquid crystal compositions 

25 provided with required characteristics have been prepared by blending liquid crystalline compounds of several kinds to 
several tens kinds and if necessary, further non-liquid crystalline compounds. It is required for these liquid crystal com- 
positions to be stable to light, heat and air which are usually present under conditions wherein display elements are 
used, and further to be stable to electric field or electromagnetic irradiation, and still further to be chemically stable to 
compounds to be blended. Further, it is required for liquid crystal compositions that the values of various physical prop- 

30 erties such as optical anisotropy value (An), dielectric anisotropy value (Ae), etc. are suitable, depending upon the dis- 
play mode and the shape of the display element. Further, the respective components in the liquid crystal compositions 
are important to have a good compatibility with each other. 

Among these requirements, there has been increasing a requirement for further reduction in the threshold voltage 
greatly contributing to a high speed response necessary for making a large picture surface of liquid crystal display ele- 

35 ments. A liquid crystalline compound having a large Ac value is necessary therefor. (E. Jakeman et al, Phys. Lett., 39A. 
69(1972)). 

Further, in order to make a high picture surface quality possible, a liquid crystalline compound having a small 
change in the threshold voltage depending upon temperatures is needed. 

In order to achieve these objects, compounds of the formulas (a) and (b) are respectively disclosed in Japanese 
40 patent application Hyo No. Hei 3-503637 and Japanese patent application laid-open No. Hei 4-279560. Further, com- 
pounds disclosed in Japanese patent application laid-open No. Sho 55-40660, Japanese patent application Hyo No. 
Hei 2-501 311, and Japanese patent application Hyo No. Hei 3-500413 are known. 

However, these compounds have problems that change in the threshold voltage depending upon temperatures can 
not be yet regarded as being sufficiently small and further the solubility thereof in liquid crystal compositions at low tem- 
45 peratures is insufficient. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide an ester compound which has overcome the above drawbacks of 
so the prior art, and has a particularly large Ae, a small change in the driving voltage depending upon temperatures, and 
an improved solubility in other liquid crystal compositions at low temperatures; a liquid crystal composition containing 
the above compound; and a liquid crystal display element composed using the liquid crystal composition. 

The present invention has the following aspects of items (1) to (13): 

55 
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(1) A liquid crystalline compound expressed by the formula (1): 



5 




w wherein R represents an alkyl group of 1 to 10 carbon atoms; £ represents an integer of 1 to 9; m, n and o each 
independently represent 0 or 1; Af, A 2 and A 3 each independently represent trans- 1 ,4-cycJohexylene group, or 1,4- 
phenylene group, pyrimidine-2,5-diyl group, pyridine-2,5-diyl group or 1,3-dioxane-2,5-diyl group, one or more 
hydrogen atoms on the rings of which groups may he replaced by F; Z 1t Z 2 and Z 3 each independently represent - 
COO-, -(CH 2 )2- or a covalent bond at least one of which represent -COO-; X represents CN, CF 3 , CF 2 H, CFH 2 , 

75 OCF 3 or OCF 2 H; Y 1 and Y 2 each independently represent H or F, but when X represents CN, Y-j and Y 2 both rep- 
resent F. 

(2) A liquid crystalline compound according to item (1), wherein m represents 1; n and o represents 0; A 1 repre- 
sents 1 ,4-phenylene group, one or more hydrogen atoms on the ring oi which group may be replaced by F; and Z-j 
represents -COO-. 

20 (3) A liquid crystalline compound according to item (1), wherein m and n each represent 1 ; o represents 0; A-, and 
A 2 each represent 1 ,4-phenylene group, one or more hydrogen atoms on the ring of which group may be replaced 
by F; and Z^ represents -COO-. 

(4) A liquid crystalline compound according to item (1), wherein m and n each represent 1 ; o represents 0; A 1 rep- 
resents 1 ,4-phenylene group, one or more hydrogen atoms on the ring of which group may be replaced by F; A 2 

25 represents trans-1 ,4-cyclohexylene group; and Z y represents -COO-. 

(5) A liquid crystalline compound according to item (1), wherein m and n each represent 1 ; 0 represents 0; A-i rep- 
resents trans-1 ,4-cyclohexylene group; A 2 represents 1,4-phenylene group, one or more hydrogen atoms on the 
ring of which group may be replaced by F; and Z 2 represents -COO-. 

(6) A liquid crystalline compound according to item (1), wherein m and n each represent 1 ; 0 represents 0; A-, and 
30 A 2 each represent 1 ,4-phenylene group, one or more hydrogen atoms on the ring of which group may be replaced 

by F; and Z 2 represents -COO-. 

(7) A liquid crystalline compound according to item (1), wherein m and n each represent 1 ; o represents 0; A 1 rep- 
resent trans- 1,4-cyclohexylene; A 2 represents 1,4-phenylene group, one or more hydrogen atoms on the ring of 
which group may be replaced by F; Z-j represents -(CH^-; and Z 2 represents -COO-. 

35 (8) A liquid crystalline compound according to item (1), wherein m, n and o each represent 1 ; represents trans- 
1 ,4-cyclohexylene group; A 2 and A 3 each represent 1 ,4-phenylene group, one or more hydrogen atoms of on the 
ring of which group may be replaced by F; Z-j and Z 3 each represent a covalent bond; and Z 2 represents -COO. 
(9) A liquid crystal composition characterized by containing at least one member of the liquid crystalline compound 
set forth in either one of items (1) to (8). 

40 ( 1 0) A liquid crystal composition characterized by containing as a first component, at least one member of the liquid 
crystalline compounds set forth in either one of items (1) to (8), and as a second component, at least one member 
selected from the group consisting of compounds expressed by the following formulas (2), (3) and (4): 



45 



50 



55 
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10 



15 




In these formulas, R-i represents an alkyl group of 1 to 10 carbon atoms; X 1 represents F, Cl, OCF 3 , OCF 2 H, 
CF 3 , CF 2 H or CFH 2 ; L 1t L 2 , L 3 and 1+ each Independently represent H or F; Z 4 and Z 5 each independently repre- 
sent -(CH 2 ) 2 -, -CH=CH- or a covalent bond; and a represents 1 or 2. 

(1 1) A liquid crystal composition characterized by containing as a first component, at least one member of the liquid 
crystalline compounds set forth in either one of items (1) to (8), and as a second component, at least one member 
selected from the group consisting of compounds expressed by the following formulas (5), (6), (7), (8) and (9): 



30 



35 



40 



45 



50 




In the formula (5), R 2 represents F, an alkyl group of 1 to 10 carbon atoms or an alkenyl group of 2 to 10 carbon 
atoms, and one or more non-adjacent methylene groups (-CH 2 -) in the alkyl group or the alkenyl group may be 



4 
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replaced by oxygen (-O-); ring A represents trans-1,4-cyclohexylene group, 1,4-phenylene group, pyrimidine-2,5- 
diyl group, or 1 ,3-dioxane-2,5-diyl group; ring B represents trans-1 ,4-cyclohexylene group, 1 ,4-phenylene group or 
pyrimldine-2,5-diyl group; ring C represents trans- 1 ,4-cyclohexylene group or 1 ,4-phenylene group; Z 6 represents 
-(CH 2 ) 2 -, -COO- or a covalent bond; L5 and each independently represent H or F; b and c each independently 
represent 0 or 1 . 

In the formula (6), R 3 represents an alkyl group of 1 to 10 carbon atoms; L 7 represents H or F; and d represents 
Oor 1. 

In the formula (7), R 4 represents an alkyl group of 1 to 10 carbon atoms; rings D and E each independently 
represent trans-1 ,4-cyclohexylene group or 1 ,4-phenylene group; Z 7 and Z 8 each independently represent -COO- 
or a covalent bond; Zg represents -COO- or -C=C-; Lq and L9 each independently represent H or F; X 2 represents 
F, OCF3, OCF 2 H, CF 3 , CF 2 H or CFH 2 , but when X 2 represents OCF 3 , OCF 2 H 2 , CF 3 , CF 2 H or CFH 2 , Lg and L9 both 
represent H; and e, f and g each independently represent 0 or 1 . 

In the formula (8), R 5 and R 6 each independently represent an alkyl group of 1 to 10 carbon atoms or an alkenyl 
group of 2 to 10 carbon atoms, and in either of the groups, one or more non-adjacent methylene groups (-CH 2 -) 
may be replaced by oxygen (-O-); 

ring G represents trans-1 ,4-cyclohexylene group, 1 ,4-phenylene group or pyrimidine-2,5-diyl group; ring H 
represents trans-1 ,4-cyclohexylene group or 1,4-phenylene group; Z 10 represents -C-C-, -COO-, -(CH 2 ) 2 -, - 
CH=CH-C^C-or a covalent bond; and Z-n represents -COO- or a covalent bond. 

In the formula (9), R 7 and R 8 each independently represent an alkyl group of 1 to 10 carbon atoms or an alkenyl 
group of 2 to 10 carbon atoms, and in either of the groups, one or more non-adjacent methylene groups (-CH 2 -) 
may be replaced by oxygen (-O-); ring I represents trans- 1 ,4-cyclohexyl en e group, 1 ,4-phenylene group or pyrimi- 
dine-2,5-diyi group; ring J represents trans-1 ,4-cyclohexylene group, or 1 ,4-phenylene group, or pyrimidine-2,5-diyl 
group, one or more hydrogen atoms on the rings of which groups may be replaced by F, ring K represents trans- 
1 ,4-cyclohexylene group or 1 ,4-phenylene group; Z 12 and Z 14 each independently represent -COO-, -(CH 2 ) 2 - or a 
covalent bond; Z 13 represents -CH=CH-, -C^C-, -COO- or a covalent bond; and h represents 0 or 1 . 

(12) A liquid crystal composition, characterized by containing as a first component, at least one member of the liq- 
uid crystalline compounds set forth in either one of items (1) to (8), as a part of a second component, at least one 
member selected from the group consisting of the compounds expressed by the formulas (2), (3) and (4) set forth 
in item (10), and as another part of the second component, at least one member selected from the group consisting 
of the compounds expressed by the formulas (5), (6), (7), (8) and (9) set forth in item (11). 

(13) A liquid crystal display element composed of a liquid crystal composition set forth in either one of items (9) to 



(14) A phenol derivative as a raw meterial for a livid crystalline compound, expressed by the formula (1-a): 



wherein A 3 represents trans-1, 4-cyclohexylene group or 1,4-phenylene group one or more of hydrogen atoms on 
the ring of which group may be replaced by F, X represents CF 3 , CF 2 H, CFH 2 , OCF 3 or OCF 2 H, Y-, represents H 
or F, o represents an integer of 0 or 1 , but when o represents 0, and X represents CF 3 , represents H. 

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS 

Fig. 1 refers to a graph for explaining the effectiveness of a liquid crystal composition example of the present inven- 
tion. 

Fig. 2 refers to a graph explaining the effectiveness of another liquid crystal composition of the present invention. 
Descriptions of the symbols: 

(a) A liquid crystal composition example of the present invention. 

(b) Another liquid crystal composition example of the present invention. 

(c) A comparative liquid crystal composition example. 

(d) another comparative liquid crystal example. 



(12). 




(1-a) 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

The liquid crystalline compound of the present invention expressed by the formula (1) has a large Ac, a small 
change in the threshold voltage depending upon temperatures and a good solubility in other liquid crystal compositions 

5 even at low temperatures. Further, these liquid crystalline compounds are physically and chemically sufficiently stable 
under conditions where display elements are usually used, and further, when the six-membered ring, substituent and/or 
bonding group, among the molecule-constituting elements are suitably selected, it is possible to derive them into those 
having desired physical properties. Thus, when the compound of the present invention is used as a component of liquid 
crystal composition, it is possible to provide a novel liquid crystal composition having preferred characteristics. 

io The compound of the present invention expressed by the formula (1) is classified into those expressed by the fol- 
lowing formulas (la) to (1*): 

Compound having 2 six-membered rings: 

75 R 9 -A r COO-Q (1a) 



Compounds having 3 six-membered rings: 



R 9 -A r A 2 -COO-Q (1b) 
R 9 -A r COO-A 2 -Q (ic) 



R<r A 1 -(CH2) 2 - A 2 -COO-Q ( 1 d) 

25 R 9 -A r COO-A 2 -COO-Q (1e) 



Compounds having 4 six-membered rings: 



Rg-A! -COO-A 2 -A 3 -Q (1 f) 

R 9 -A 1 - A2-COO-A3-Q ( 1 g) 



R 9* A 1 -A2-A3-COO-Q (1 h) 

35 R 9 -A r COO-A 2 -COO-A 3 -Q (1i) 

R 9 -A 1 -(CH 2 ) 2 -A 2 -COO-A 3 -Q (1j) 

R 9 - A 1 -(CH 2 ) 2 -A 2 -A 3 -COO-Q ( 1 k) 

R 9-Ai -A 2 -(CH 2 ) 2 -A 3 -COO-Q (1 1) 
In these formulas, R 9 is a group expressed below: 



R-0-{CH 2 )- 



Q is a group expressed below: 
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10 

The compounds expressed by the formula (la) are further developed into the following formulas (1aa) to (lae): 



Rg-Cyc-COO-Q 


(1aa) 


Rg-Phe-COO-Q 


(1ab) 


Rg-Pyr-COO-Q 


(1ac) 


Rg-Pyd-COO-Q 


(1ad) 


R 9 -Dio-COO-Q 


(1ae) 



Among these compounds, those expressed by (1aa) and (ab) are particularly preferred. 

In the above formulas, Cyc represents trans- 1 ,4-cyclohexylene group; Phe represents 1 ,4-phenylene group; Pyr 
25 represents pyrimidine-2,5-diyl group; Pyd represents pyridine-2,5-diyl group; Dio represents 1 ,3-dioxane-2,5-diyl 
group; one or more hydrogen atoms of the Phe may be replaced by F; A 1f A 2 and A 3 are selected from the group con- 
sisting of Cyc, Phe, Pyr, Pyd and Dio, and preferably two or more Pyr, Pyd, Dio are not contained in the molecule. 

Compounds expressed by the formula (1b) are developed into those expressed by the following formulas (1ba) to 
dbj): 

30 





Rg-Cyc-Cyc-COO-Q 


(1ba) 




Rg-Cyc-Phe-COO-Q 


(ibb) 


35 


Rg-Phe-Cyc-COO-Q 


(1bc) 




Rg-Phe-Phe-COO-Q 


(1bd) 




Rg-Pyr-Phe-COO-Q 


(ibe) 


40 








R 9 -Pyr-Cyc-COO-Q 


(ibf) 




Rg-Pyd-Phe-COO-Q 


(ibg) 


45 


Rg-Pyd-Cyc-COO-Q 


(ibh) 




Rg-Dio-Phe-COO-Q 


(ibi) 




R 9 -Dio-Cyc-COO-Q 


(1bj) 



50 



Among these compounds, those expressed by the formulas (1ba) to (1be), (1bg) and (1bi) are particularly pre- 
ferred. 

The compounds expressed by the formula (1c) are further developed into those expressed by the following formu- 
las (lca)to(lcn): 

55 

Rg-Cyc-COO-Cyc-Q (1 ca) 

Rg-Cyc-COO-Phe-Q (1 cb) 
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Rg-Cyc-COO-Pyr-Q 


(1CC) 


Rg-Cyc-COO-Pyd-Q 


(1cd) 


Rg-Phe-COO-Cyc-Q 


dee) 


Rg-Phe-COO-Phe-Q 


(1cf) 


R 9 -Phe-COO-Pyr-Q 


(leg) 


R 9 -Phe-COO-Pyd-Q 


(ich) 


Rg-Pyr-COOPhe-Q 


(ici) 


R 9 -Pyr-COO-Cyc-Q 


(icj) 


Rg-Pyd-COO-Phe-Q 


(ick) 


Rg-Pyd-COO-Cyc-Q 


(1d) 


Rg-Dio-COO-Phe-Q 


(1cm) 


Rg-Dio-COO-Cyc-Q 


(1cn) 



25 Among these compounds, those expressed by the formulas (1ca), (1cb), (1ce) and (1c0 are particularly preferred. 
The compounds expressed by the formula (1d) are further developed into those expressed by the following formu- 
las (Ida) to (idk): 



30 



35 



40 



45 



SO 



R 9 -Cyc-(CH2) 2 -Cyc-COO-Q 


(Ida) 


R 9 -Cyc-(CH2) 2 -Phe-COO-Q 


(1db) 


R 9 -Phe-(CH 2 ) 2 -Cyc-COO-Q 


(1dc) 


R 9 -Phe-(CH 2 ) 2 -Phe-COO-Q 


(Idd) 


R 9 -Phe-(CH 2 ) 2 -Pyr-COO-Q 


dde) 


R 9 -Pyr-(CH2) 2 -Phe-COO-Q 


(1df) 


R 9 -Pyr-(CH2) 2 -Cyc-COO-Q 


(idg) 


R 9 -Pyd-(CH2) 2 -Phe-COO-Q 


(idh) 


R 9 -Pyd-(CH 2 ) 2 -Cyc-COO-Q 


(idi) 


R 9 -Dio-(CH2) 2 -Phe-COO<5 


(idj) 


R 9 -Dio-(CH2) 2 -Cyc-COO-Q 


(idk) 



Among these compounds, compounds expressed by the formulas (Ida) to (1dd) are particularly preferred. 
The compounds expressed by the formula (1 e) are further developed into compounds expressed by the following 
formulas (1 ea) to (1ek): 

55 Rg-Cyc-COO-Cyc-COO-Q (1ea) 

Rg-Cyc-CXDO-Phe-COO-Q (1 eb) 

R 9 -Phe-COO-Cyc-COO-Q (1 e c) 
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R 9 -Phe-COO-Phe-COO-Q 


ded) 




R 9 -Phe-COO-Pyr-COO-Q 


(1ee) 


5 


R 9 -Pyr-COO-Phe-COO-Q 


(1ef) 




R 9 -Pyr-COO-Cyc-COO-Q 


deg) 


10 


R 9 -Pyd-COO-Phe-COO-Q 


(1eh) 


R 9 -Pyd-COO-Cyc-COO-Q 


(lei) 




R 9 -Dio-COO-Phe-COO-Q 


(lej) 


15 


R 9 - Dio-COO-Cyc-COO-Q 


(lek) 


20 


Among these compounds, compounds expressed by the formulas (1ea) to (led) are particularly preferred. 
The compounds expressed by the formula (tf) are further developed into compounds expressed by the follow 
formulas (1fa) to (1fh): 


Rg-Cyc-COO-Cyc-Cyc-Q 


(ifa) 




Rg-Cyc-COO-Cyc-Phe-Q 


(ifb) 


25 


Rg-Cyc-COO-Phe-Phe-Q 


dfc) 




R 9 -Cyc-COO-Phe-Cyc-Q 


(ltd) 


30 


Rg-Phe-COO-Cyc-Cyc-Q 


(1fe) 


Rg-Phe-COO-Cyc-Phe-Q 


(Iff) 




Rg-Phe-COO-Phe-Cyc-Q 


(ifg) 


35 


R 9 -Phe-COO-Phe-Phe-Q 


(1fh) 



Among these compounds, compounds expressed by the formulas (1fb), (1fc), (Iff) and (1fh) are particularly pre- 
ferred. 

The compounds expressed by the formula (1g) are further developed Into compounds expressed by the following 
. 40 formulas (Iga) to (Igh): 



Rg-Cyc-Cyc-COO-Cyc-Q 


(1ga) 


Rg-Cyc-Cyc-COO-Phe-Q 


(1gb) 


R 9 -Cyc-Phe-COO-Cyc-Q 


(igc) 


R 9 -Cyc-Phe-COO-Phe-Q 


(igd) 


R 9 -Phe-Cyc-COO-Cyc-Q 


(ige) 


R 9 -Phe-Cyc-COO-Phe-Q 


(igf) 


Rg-Phe-Phe-COO-Cyc-Q 


dgg) 


R 9 -Phe-Phe-COO-Phe-Q 


dgh) 


Among these compounds, those expressed by the formulas (1gb), (1gc) and (1gd) are particularly preferred. 



9 



BNSDOCID: <EP 0738709A2_L> 



EP 0 738 709 A2 

The compounds expressed by the formula (1 h) are further developed into compounds expressed by the following 
formulas (1 ha) to (1hh): 



10 



15 



R 9 -Cyc-Cyc-Cyc-COO-Q 


dha) 


Rg-Cyc-Cyc-Phe-COO-Q 


(ihb) 


Rg-Cyc-Phe-Phe-COO-Q 


(1hc) 


Rg-Cyc-Phe-Cyc-COO-Q 


dhd) 


Rg-Phe-Cyc-Cyc-COO-Q 


(ihe) 


Rg-Phe-Phe-Cyc-COO-Q 


(ihf) 


Rg-Phe-Cyc-Phe-COO-Q 


(ihg) 


Rg-Phe-Phe-Phe-COO-Q 


(ihh) 



20 In all of the above mentioned compounds, R 9 represents an alkoxyalkyl group of 2 to 19 carbon atoms, and partic- 

ularly preferred groups among them are methoxymethyl, methoxyethyl, methoxypropyl, methoxybutyl, methoxypentyl, 
methoxynonyl, ethoxymethyl, ethoxyethyl, ethoxypropyl, ethoxybutyl, propoxyrnethyl, propoxyethyl, propoxypropyl, 
butoxymethyl, butoxyethyl, pentyloxy methyl, hexyloxymethyl, heptyloxymethyl and decyloxymethyl. 

As described above, compounds expressed by the formulas, (1aa), (1ab). (1ba), (1bb), (1bc), (1bd), (1be), (1bg), 

25 (1bi), (lea), (1cb), (1ce), (1cf), (Ida), (1db), (1dc), (idd), (1ea), (1eb), (1ec), (led), (1fb) ( (1fc), (Iff), (1fh), (1gb), (1gc), 
(1gd) and (1hb) can be said to be particularly preferred, but among them as more preferred compounds, compounds 
expressed by the following formulas (1-1) to (1-24) can be mentioned: 

30 
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25 Y 2 



Y 2 



Y 2 

F ^Y, 



Y 2 

F Y, 



F Y, 



CL - 1) 



CI - 2) 



CI -4) 



(1-5) 



R-o-(cH 2 } r Q-coo-(]^-x 

Y 2 

R-0-(cH 2 > r ^- COO H^-X 

Y 2 
,Y, 

n-o-(cH 2 } r (3- coo -Q~ x C 1 - 3 ) 

Y 2 

R-o-(ch 2 )hQ- coo -Q-Q-x 

15 Y 2 

R-o-icHz^j^- COO -^J-Q-x 

Y 2 

_ —F ,Y, 

«-o-<ch 2 ) 7 Qkcoo-Q-Q-x ( 1 - 6 ) 

F Y 2 
- x Y ' 

R-o-{ch 2 )hQhcoo-Q-hQ-x ( 1 - 7 ) 

Y 2 
,Y, 

R_ °-( CH 2hO~ H O~ C00 ^Q" X ( 1 " 8 ) 

Y 2 

_>Y, 

°-°-(cH 2 > r o-0- coo ^Q > - x ( i - 9 ) 

F ? 

n "°-(CH 2 ) 7 ^)— ^-COO^^-X (1-10) 



(1-11) 



,Y, 

B-O^CHayj^^CH^Hz-^-COO-Q-X (1-12) 



(1-13) 



r -°Hch 2 ) t <3^Q^coohQ-h0-x (1-14) 



(1-15) 
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Y, 



R"OKcH 2 >KI><>^- COO -<5- X (1-16) 



Y 2 
Y, 



Y 2 

Y, 



R-0-(cH 2 } r <^" CH 2 CH 2~0~ C00 ~^~ X 

F Y 2 



(1-17) 



(1-19) 
(1-20) 



R-O-tGH^ VO-COOH^X (1-18) 

Y 2 

F Y, 
R-O-iCHalj^-^-COO-^Q-X 

Y 2 

R-O^CHa^V- 0" COO "0" X 

^Y 2 
- _^ Yl 

R-0-{cH 2 ^-(^>-COO-^^-COO-^>-X (1-21) 

25 Y 2 

r-o^ch 2 )^<^3^ ch ^ h 2 -< 0 > " coo ^Q" x (1-22) 

V_J Y 2 

30 F Y, 



(1-23) 
(1-24) 



The liquid crystalline compound of the present invention expressed by the formula (1) can be prepared according 
to known, general organic synthesis process. For example, it can be conveniently prepared according to the following 
process: 
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Namely, it is possible to prepare the compound of the formula (1), by esterif ication such as dehydration condensa- 

55 tion. 

In more details, a carboxylic acid derivative (1) is converted into an acid halide (2), by means of a halogenating rea- 
gent such as thionyl chloride etc., in a solvent such as toluene, benzene, etc. or in the absence of solvent, followed by 
reacting (2) with a phenol derivative (3) in a solvent such as toluene, benzene, etc., to obtain the objective compound 
example (4). The reactions in a series is preferably carried out at a temperature between room temperature and the 



13 



BNSDOCID: <EP 0738709A2J_> 



EP0738709A2 

boiling point of solvent, and further in the presence of a base such as pyridine, triethylamine, dimethylaniline, tetrame- 
thyl urea, etc. (E.J. Corey et al, Journal of Organic Chemistry, 38, 3223 (1973), C. Raha, Organic Synthesis, IV, 263 
(1963), B. Iselin et al, Helvetica Chimica Acta, 40, 373 (1957), M.S. Newman et al, Tetrahedron Letters, 3267 (1967)). 

Alternatively, when a carboxylic acid derivative (t) is reacted with a phenol derivative (3), in a solvent such as 
5 dichloromethane, chloroform, etc., and in the presence of dicyclohexylcarbodiimide (hereinafter abbreviated to DCC) 
and dimethylaminopyrimidine (hereinafter abbreviated to DMAP), it is also possible to obtain the objective compound 
exmaple (4) (B. Neises et al, Organic Synthesis, 63, 183 (1985)). 

The carboxylic acid derivative (t) as one of the raw materials can be prepared for example according to the follow- 
ing process: 
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55 



Namely, when compound (5) is reacted with a sodium alkoxide, to obtain a compound (6), followed by hydrolysis in 
the presence of a base such as NaOH, KOH, etc., it is possible to obtain a carboxylic acid derivative example (7). 
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Further, when a Grignard reagent (8), of a dihalogenobenzene is prepared, followed by reacting it with ethylene 
oxide, to obtain an alcohol (9) and then an ether (Ifl), preparing a Grignard reagent of the ether and reacting it with C0 2 , 
it is possible to obtain a carboxylic acid derivative example (11). 

In the case of the alcohol (2), compounds having an t of 3 or more can be obtained by reacting with the correspond- 
ing ring-form ether in place of ethylene oxide. Alternatively, (9) can be easily obtained by carrying out carbon number- 
increasing reaction according to a known, general organic synthesis process, for example, to prepare the correspond- 
ing derivative of carboxylic acid, aldehyde, ester, etc., followed by reducing the derivative with a reducing agent such as 
sodium boron hydride (SBH), borane, lithium aluminum hydride (LAH), sodium bis(2-methoxyethoxy)aluminum hydride 
(SBMEA, Red-A£) or the like. 

Alternatively, it is possible to obtain the carboxylic acid derivative example by reducing aldehyde (12) with a 
reducing agent such as SBH, LAH, diisobutylaiuminum hydride (DIBAL) or the like, to obtain alcohol (12), followed by 
reacting it with a halogenizing agent such as thionyl chloride or the like, to obtain halide (14), reacting the halide with a 
sodium alkoxide to obtain ether (15) and reacting it with oxalyl chloride, to obtain an acid chloride; and hydrolyzing it to 
obtain a carboxylic derivative example (1 6). 
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# 




Namely, a substituted phenol (12), is converted into an ether substance (13) by means of tetrahydropyranyl group 
55 or the like, followed by reacting it with an organolithium reagent such as butyllithium or the like and iodine, to obtain an 
iodine substance (19), cyanogenating it, and deprotecting, to obtain a phenol derivative example (20). 

Further, the above iodine derivative (19) is reacted with sodium trifluoroacetate/copper iodide (G.E. Carr et al, Jour- 
nal of the Chemical Society Parkin Trans, Reactions I, 921 (1988)), or methyl fluorosulfonyldifluoroacetate/copper 
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iodine ( Q. Y. Chen et al, Journal of the Chemical Society, Chemical Communications, 705 (1989), to obtain a trifluor- 
omethyl substance (21), followed by deprotecting it, to obtain a phenol derivative example (22). 

Further, the above ether substance (18) is reacted with an organolithium reagent such as butyllithium or the like 
and formylpiperidine, to obtain an aldehyde substance (23), followed by reacting it with a fluorinating agent such as 
5 diethylaminosulfurtrifiuoride (DAST) (W.J. Middleton et al, Journal of the Organic Chemistry, 40, 574 (1975), S. Rozen 
et al, Tetrahedron Letters, 41, 111 (1985), M. Hudlicky, Organic Reactions, 35, 513 (1988), RA. Messina et al, Journal 
of Fluorine Chemistry, 42, 137 (1989)), to obtain a compound (24), and deprotecting it, to obtain a phenol derivative 
example (25). 

Further, the above aldehyde substance (23) is reduced with a reducing agent such as sodium boron hydride (SBH), 
io lithium aluminum hydride, diisobutylaluminum hydride, or bis(2-methoxyethoxy aluminum sodium hydride or the like, fol- 
lowed by reacting with a fluorinating agent such as DAST or the like, to obtain a compound (26). and deprotecting it, to 
obtain a phenol derivative example (27). 

Further, another substituted phenol substance (28) is treated in the presence of nitric acid and sulfuric acid to 
obtain a nitro compound (29), followed by converting it into a xanthate according to Albert et al's method (Synthetic 
15 Communications, 19, 547-552, 1989), fluorinating it according to Kuroboshi et al's method (Tetrahedron Letters, 33, 29, 
41 73-41 76, 1992), catalytically hydrogenating in the presence of Pt catalyst, to obtain a compound (SO), reacting it with 
hydrochloric acid and sodium nitrite, and hydrolyzing the resulting diazonium salt, to obtain a phenol derivative example 
(33). 

Further, the above nitro compound (29) is reacted in a system of chlorodif luoromethane/sodium hydroxide (Japa- 
20 nese patent application Hyo No. Hei 4-501575), for f luorination, followed by catalytically hydrogenating in the presence 
of Pt catalyst, to obtain a compound (32), reacting it with hydrochloric acid and sodium nitrite, and hydrolyzing the 
resulting diazonium salt, to obtain a phenol derivative example (33). 

Either of the thus obtained liquid crystalline compound of the present invention exhibit a large Ac, and have a small 
change in the threshold voltage depending on temperatures, are easily blended with various liquid crystal materials, 
25 and have a good solubility therewith even at low temperatures; hence the compound is far superior as a constituting 
component of nematic liquid crystal compositions. 

The compound of the present invention is usable as a constituting component in either of liquid crystal composi- 
tions of TFT mode, TN mode and STN mode which at present constituted main current, and compounds of X=CN in the 
formula (I) are particularly preferred for STN, and compounds having X replaced by fluorine are particularly preferred 



When the compound of the present invention is used as a constituting component of nematic liquid crystal compo- 
sitions, compounds having a structure of two rings exhibit a relatively low liquid crystal temperature range and a low vis- 
cosity, and compounds having a structure of 3 or 4 rings exhibit a broad liquid crystal temperature range and a relatively 
high viscosity; hence when these compounds are adequately selected, it is possible to obtain liquid crystal composi- 
35 tions having desired physical properties. 

Further, the compounds among those of the present invention having a 4-substituted phenyl group, a 3-fluoro-4- 
substituted phenyl group or 3,5-difluoro-4-substituted phenyl group exhibit a large Ac, and when hydrogen atoms in 
other ring structure are replaced by fluorine atoms, it is possible to impart a further large Ac. 

The liquid crystal composition provided by the present invention may be composed only of a first component con- 
40 taining at least one member of the liquid crystalline compound expressed by the formula (1), but the composition is pre- 
ferred to blend therewith, at least one member of compounds selected from the group consisting of those expressed by 
the above formulas (2), (3) and (4) (hereinafter abbreviated to the second A component), and/or at least one member 
of compounds selected from the group consisting of those expressed by the formulas (5), (6), (7), (8) and (9) (herein- 
after abbreviated to the second B component), and further, it is possible to additionally blend known compounds as the 
45 third component, in order to adjust the threshold voltage, liquid crystal phase temperature range, optical anisotropy 
value, dielectric anisotropy value, viscosity, etc. 

As preferred examples of compounds contained in those expressed by the formulas (2), (3) and (4), among the sec- 
ond A component, the following compounds of (2-1) to (2-15), (3-1) to (3-48) and (4-1) to (4-55) can be respectively 
mentioned: 
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R '-\ r~\ f-s /r c ^ ^ 



F 

F F 




F F 




\j-\_t c ^ (4 - 17) 

F 

^-C^O^O- 0 " 3 (4 ' i8) 




(4-19) 
(4-20) 
(4-21) 

(4-22) 

(4-23) 
(4-24) 
(4-25) 
(4-26) 
(4-27) 



i /H /h OCF2H (4 - 28) 
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(4-50) 
(4-51) 
(4-52) 

(4-53) 
(4-54) 

(4-55) 



55 The compounds expressed by these formulas (2) to (4) exhibit a positive dielectric anisotropy value and far suprior 
thermal stability and chemical stability. 

As to the quantity of the compounds used, a range of 1 to 99% by weight based upon the total weight is suitable, 
and that of 10 to 97% by weight is preferred, and that of 40 to 95% by weight is more preferred. 
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Next, as preferred examples of the compounds expressed by the formulas (5), (6) and (7), among the above sec- 
ond B component, the following (5-1) to (5-29), (6-1) to (6-3) and (7-1) to (7-17) can be mentioned: 



5 


i V / V 

R2 -vJK_>- CN 


(5-1) 




/ — \ /=\ 


(5-2) 


10 


Rz ° r ~~^\ ) — cn 

F 


(5-3) 


15 


„ / \ /=< 


(5-4) 






(5-5) 


20 


*-0~0- cn 


(5-6) 




r2 ° r, °-0~~0~ cn 

F 


(5-7) 


25 




(5-8) 




^ /=\ y=\ 


(5-9) 


30 




p-lU) 




— N * ' 


(5-11) 


35 


^ 'J 


(5-12) 


40 


v y 


(5-13) 




>i y 


(5-14) 
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15 The compounds expressed by the formulas (5) to (7) exhibit a positive and large dielectric anisotropy value and are 
used as composition component, particularly in order to reduce the threshold voltage. Further, the compounds are used 
for adjusting the viscosity and the optical anisotropy value and for broadening the liquid crystal phase temperature 
range, and further for improving the steepness. 

Further, as preferable examples of compounds included in those of the formulas (8) and (9), among those of the 

20 second B component, the following (8-1) to (8-16) and (9-1) to (9-16) can be mentioned: 
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R s OCH 2 G^* R6 



•Rs 

■OR. 




R5 ^O^O" 0R6 
R5 ~O~O" 0C2H4 ° Re 




^ >-OC2H 4 OR 3 




r s~0 — Q~ Rs 
r s-0^~0" oR6 



(8-1) 
(8-2) 
(8-3) 

(8-4) 

(8-5) 
(8-6) 
(8-7) 

(8-8) 
(8-9) 
(8-10) 
(8-11) 

(8-12) 

(8-13) 
(8-14) 
(8-15) 

(8-16) 
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R7 KI)^C^O" R8 


(9-1) 


5 




(9-2) 






(9-3) 


10 




(9-4) 


15 




(9-5) 




/=N /=\ /=\ 

R? ^/HJ^v>- Re 


(9-6) 


20 


R7 ~0~0~C^~ Re 


(9-7) 






(9-8) 


25 




(9-9) 


30 




(9-10) 




Rt — ( >— <\ ^ — — ,s — or. 
7 \ / \_Jf — > // UhtB 

F 




35 






40 


R 7 — ( ) — \ /=\ /=\ 








(9-14) 


45 




(9-15) 


50 




(9-16) 



The compounds expressed by the formulas (8) and (9) exhibit a negative or weakly positive dielectric anisotropy 
55 value, and among these compounds, those expressed by the formula (8) are used as a composition component, mainly 
for lowering the viscosity and adjusting the optical anisotropy value, and those expressed by the formula (9) are used 
for broadening the liquid crystal phase temperature range and/or for adjusting the optical anisotropy value. 

The compounds expressed by the formulas (5) to (9) are indispensable for preparing liquid crystal compositions, 
particularly for STN type display mode or usual TN type display mode. As to the quantity of these compounds used, 
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when liquid crystal compositions for usual STN type display mode or TN type display mode are prepared, a range of 1 
to 99% by weight based upon the total quantity of the liquid crystal compositions is suitable, and a range of 10 to 97% 
is preferred and that of 40 to 95% by weight is more preferred. 

The liquid crystal composition provided by the present invention is preferred to contain at least one member of the 
s liquid crystal compound expressed by the formula (1) in a proportion of 0.1 to 99% by weight, for exhibiting superior 
characteristics. 

The liquid crystal composition is generally prepared according to a known process, for example according to a 
process wherein various components are mutually dissolved at high temperatures. Further, if necessary, by adding a 
suitable additive, improvement is made depending upon the aimed use applications and the composition is optimized. 
io Such additives are well known by preson of ordinary skill in the art and described in literatures, etc. in details. Usually, 
a chiral dopant having an effect of inducing the helical structure to thereby adjust a necessary twist angle and prevent 
the reverse twist, is added. 

Further, when a dichroic pigment such as those of mellocyanine group, styryl group, azo group, azomethine group, 
azoxy group, quinophthalone group, anthraquinone group, tetrazine group, etc. is added, the resulting composition can 
15 be also used as that of GH mode. The composition of the present invention is usable for NCAP prepared by microcap- 
sulating nematic liquid crystals, polymer-dispersion type, liquid crystal display element prepared by forming three- 
dimensional, reticulated high molecules in liquid crystals (PDLCD), for example, polymer network liquid crystal display 
element (PNLCD) and besides, as liquid crystal compositions for birefringence control (ECB) mode or DS mode. 

As liquid crystal composition examples containing the compound of the present invention, the following ones can 
20 be mentioned: 
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In addition, the numbers of the compounds are the same as those shown in the below-mentioned Examples. 
Composition example 1 

F 

C3HtOCH 2 --^^-COO--^^-CN (N"o. 4) 4 wt.% 

F 
F 

C 4 H 9 OCH 2 — ^^-CCX)-^^-CN (No. 5) 4 Wt.% 

F 

C s H„OCH 2 -hQk-COO^^J-CN(No. 1) 4 Wt.% 

F 

^»-0~0~C5^ F 6 wt.% 



^'OK^ M C5" F 6 wt.% 

F 

C 5 H n -^3~(3^^$" F 6 wt.% 

^ H7 KZ)^C hC00 "O^ F 5 wt.% 

so C5 H 1t ^Q^^ 5 wt.% 

c 3 h 7 -h(^coohQ^f 4 wt.% 

35 c 3 h 7 h(3~0" COOCH3 12 wt - % 

C 3 H 7 -<^>-COO-^^OC 4 H 9 10 wt-% 

c 2 H 5 -^^)^^— (^ C3H7 6 wt.% 



C3H? ^H > ^^}" C3H7 5 wt * % 

C * H 9"^^>~ G ) ~ H (Z)^ C3H7 5 wt.% 

C 3 H 7~^3~ ^^-OC 2 H 5 10 wt.% 

C3H7 "^C)^0 ) ^O k " CH3 8 wt.% 
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Composition example 2 

F 



CF 3 ( N o . 8 ) 5 wt . % 

F 

_ F 

C 4 H 9 OCH 2 -<^>-CCX>-<^^CF 3 CNo. 9) 5 wt.% 

F 

F 

C 5 H n OCH 2 hQ^C0OH^-CF 3 (No. 10) 5 Wt.% 



F 

F 



°^<><>^C^- p 5 wt.% 

_ F 



5 wt.% 



r 

C ' H » ~0"<I>-<3^ F 5 wt.% 

_ F 

C a H s -Q-^-CN 10 Wt.% 

F 

12 wt.% 

F 

c5h »-Cmz5- cn ii wt.% 

C3H7 -0-O^C^ CH ' 8 wt.% 

^'-(K>0- C ' H ' 4 wt.% 

C3h >-0~0-C)" och * 4 wt.% 

C 3 H 7 -{2>-CH 2 CH 2 -^-=-^Q^.c 2 H 5 3 wt % 

C 3 H 7 ^Q-CH 2 CH 2 -<Q-^-<Q-C 3 H 7 3 Wt.% 

C3H7 -0- CH * CH *-0-^Ml^ C ' H9 3 Wt.% 

F 

_ F 
F 

c ' H7 ^0-^-=~0" c « h * 



4 wt.l 
4 wt.% 
4 wt.% 
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C omposition example 3 

F 

C 3 H 7 OCH 2 — ^^COOhQ~CN(No. 4) 10 wt.% 

F 

F 

C 5 H lt OCH 2 ^^>-cOO-^- CN(No.l) 5 wt . % 

F 

— F 
c 2 h 5 och 2 -^]>^Q>-CC»-^-cn(No. 187) 8 wt.% 

F 

F 

C 3 H 7 OCH 2 — ^>-GOOH^^-CN 10 wt.% 

F 

CH 3 CH = C HC 2 H 4 -C^COO-Cj-CN 15 Wt * % 

F 

C3H7_< (Z)~~^Z)~ C * H9 5 wt.% 

C3H7 -O^0^ C00 ~O" F 5 wt.% 

C 5 H„-<J3~O" C00 "O > ~ F 4 wt.% 

C3H7 ~O~0 H ~O~ CH3 6 wt.% 

C * H7 ~^D — {I}~~C^~ C3H7 6 wt.% 

w?-C^O^-<D^ och > 3 wt.% 

C3H7 ~O-^G ) ~ C00H O- F 3 wt.% 

c 3 h 7 -<3-ch 2 ch 2 -hQk-=-<^-c 2 h s 4 wt . % 

c 3 h 7 -(3-ch 2 ch 2 -hQ>-^-^Qkc3H 7 4 Wt.% 

F 

7 ~Q~"C$ — ^^~ C 2 H S 4 wt.% 
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composition example h 




5 


F 

/=\ /=< 

C 3 H 7 OCH 2 H^J>~CCX)-H^-CN(No. 4) 

F 


6 wt.% 


10 


C s H i1 OCH 2 -H^^CCX3H^>-CNCNo. 1) 


5 wt.% 




F 

CaHTOCHz-^jKCCXDH^-CFjCNo. 8) 

F 


5 wt.% 


15 


F 

CsH^OC^-^^COO-^^-CFj (No. 10) 

r 


3 wt.% 




N F 


D Wt . « 


20 




4 Wt . * 






4 wt . % 


25 


en..— — / \ y r=rs \_ c 


4 wt.% 




CoH.-^T" />— - ^ \-C,H« 


5 wt.% 


30 


/=N /rrrv 
^3"7 ^_ N V \v C 2 H S 


5 wt.% 




C*H g <^>- C 2 H 5 


5 wt.% 




/ v /- ■ s 

C 3 H 7 COO OC 4 H 9 


5 wt.% 


35 


C 4 H 9 -\_J>- COO OC 2 H 5 


5 wt.% 




i k r — \ 

C a H , , COO OCH 3 


5 wt.% 




C,H, , -\_)~ COO CHj 


6 wt.% 


40 


C 2 H S -Q- CH 2 CH 2 -Q — Q. c 4 H, 


4 wt.% 




c » H ^-Cy cH ' CH «~Q = Q~ c,H » 


4 wt.% 


45 




5 wt . % 






5 wt.% 




c ^ h '-0~0- cco - < Q^O _cn 


3 wt.% 


50 


c = h " -0~0" cco -O-O - cn 


3 wt.% 




c ^ h ' -O~0~ ccc -Q-0~ cn 


3 wt.% 
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Composition example 5 
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C 2 H 5 OCH 2 --ChH^COO-<Q^CN(Ko. 18 7) 

F 
F 

C 3 H 7 OCH 2 ^Q^COO-Q— (~^CN( No . 108 ) 

_ F 
C 4 H 9 OCH 2 -<Q-COO<<Q^^-CN(N O. 10 9) 

_ F 

C 5 H n OCH 2 -hQ^COO^HH0-CN(No. 110) 

r 

_ F 
F 

c => h '-0-C$- cn 




ch 3° co ° ~0~ C2H? 

c ' H7 ~0~0~ oc2Hs 
CiHs -OK!>-0- cN 

F 

F 

_ F 

F 

C 3 H 7~^ )— ( ) ^^-CH 3 



8 wt.% 
5 wt.% 
5 wt.% 

5 wt.% 

8 wt.% 
4 wt.% 

10 wt.% 

3 wt.% 

4 wt.% 

3 wt.% 

6 wt.% 

6 wt.% 

4 wt.% 

5 wt.% 
5 wt . % 

5 wt . % 

6 wt.% 
4 wt.% 
4 wt.% 
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Composition example 6 



.-OO 



6 wt.% 



10 


C 3 H 7 OCH 2 -^^CCO-£^-^^CF> (No. 115) 

F 


6 wt.% 




CaH 7 OCH 2 — ^^-CCO-^^— CF 3 (No. 341) 


5 wt.% 


15 


C 2 H s-0~0~ CN 


8 wt.% 




CH 3 OCH 2 ~(^y-^)- CN 


10 wt.% 


20 


C 2 H 5 OCH 2 Q-CN 


8 wt.% 




/ — \ /=\ 
C 2 H S — <^)- COO-^_^- CN 


3 wt.% 




3 wt.% 


25 


C 5 H„ "^ N '>^^-- F 


4 wt.% 






5 wt . % 


30 


/=N /=>. 
^3"7 \v >/ OCH 3 


3 wt . % 




- u / =N v/==V ^ 


3 wt.% 


35 




3 wt.% 




c * H9 '^C^ ) ^0^ C2H5 


3 wt.% 


40 




5 wt.% 






6 wt.% 


45 




5 wt.% 






4 wt.% 


50 




4 wt.% 




C3H? -O^O^^G -0 ** 


6 wt.% 
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Composition example 7 



5 

F 

C3H 7 OCH 2 -^^COO^^J-CF 3 (No. 8) 6 Wt.% 

F 
F 



TO 


C,H 9 OCH 2 -^^COOhQ^CF 3 ( No . 9) 

F 


6 wt.% 


75 


F 

/==\ /=\ /=< 
C 2 H 5 OCH 2 -^^COOH^^^ 114) 

F 


4 wt.% 




F 

C 3 H 7 OCH 2 -^^VcOOH^^~Q^CF 3 (No. 115) 

F 


4 wt.% 


20 " 




10 wt.% 




CHiCH = CHC«W — < \ / \_ r->j 


10 wt.% 




^ 3 r«7 V / \s y OFN 


5 wt . % 




C a H 7 — ( V— ( V— <T^- CN 

\ / \ / \_jy 


5 Wt . % 






6 wt . % 






4 wt.% 




/=N /=v /=\ 


5 wt.% 


35 




3 wt.% 




C 3 H 7 — Qj- COO COO H^^-F 


3 wt.% 


40 


C3H 7 -Q— 0" C " H9 


10 wt.% 




CH 3 OCH 2 ~(3~KZ)~ CsH7 


4 wt.% 


45 




3 wt.% 




CH a~Q- = Q" CaH,:l 


6 wt.% 






3 wt.% 


50 




3 wt . % 
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Composition example 8 

F 

C3H 7 0CH 2 — ^>-COO-^~^-CN(No. 4) 10 Wt.% 

F 

C2H 5 OCH 2 -0~C^" CC 
C 2 H 5 OCH 2 — ^}~ CC 




9 Wt.% 



5 Wt.% 



5 wt.% 



r ~0~ 0" cn 15 wt - % 



5 wt.% 



10 wt.% 
8 wt.% 



°3 H 7-(3 _ 0 - 0" CN 5 Wt.% 

C,H 9 -^>— <0~ CN 5 wt.% 

C 3 H 7 -(3~~ < 0" C4H9 

c s n„ — (_y~(3-c 4 H 9 3 Wt.% 

C 2 H 5 — ^~^> — ^j>-OCH 3 4 wt.% 

C 3 H 7-0-^-0-° CH 3 4 Wt.% 

C«H 9 -<^) — <^-OCH 3 4 wt.% 

^ -O^KD-^O - ocH3 



5 wt.% 
3 wt.% 



50 



55 
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Composition example 9 






5 


F 

C 3 H 7 OCH 2 CCO CN (No. 

F 


4) 


6 wt.l 


10 


F 

C 5 H n OCH 2 — T^CCXDhT>-CN(No. 

F 


1) 


6 wt.% 


15 


F 

/=\ /=< 
C 3 H 7 OCH 2 COO "<^_>- CF 3 (No. 

F 


8) 


3 wt.% 




F 

c 3 h 7 och 2 — < v-^r^~ cM "^r = ^--cF 

F 


i (N o 19 3) 


"3 t a7 4- 9. 
O W L. . % 


20 


CH 2 == CHC 2 H 4 — (\ — CN 




8 wt.% 




CH 3 CH = CHC 2 H 4 — CN 




8 wt.% 


25 






15 wt.% 




c * h » -0~ h Q- cn 




8 wt.% 


30 


CH 3 OCH 2 — ^ )~-^ = ^- CN 




4 wt.% 




C 2 H s OCH 2 -<^>— Q)-CN 




4 wt.% 


35 






2 wt.% 








2 wt.% 




C 3 H 7 -Q— Q-C 4 H 9 




6 wt.% 


40 


°2 H 5 — %_J- OCH 3 




6 wt.% 




/ \ / \ /=\ 




3 wt.% 


45 






5 wt,% 




c ^-0~0-0~ C3H ' 

F 




8 wt.% 


50 


C 3 H 7 — = C 2 H S 




3 wt.% 
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Composition example 10 

F 



4 wt.% 
10 wt.% 



CaH^C^-^^coO-^^-CF^CNo. 8) 6 wt . % 

F 

_ F 

CaH^OCHj -h£^COO-^^-CF 3 (No. 10) 5 wt . % 

F 

C3H,och 2 -hQ-coo-<^-hQ-cf,cNo. 115) 6 wt.% 

F 

^sOCH 2 ^(^)~ 3 0 1) 3 wt.% 

C 7 H 15 ~{3~^^" F 3 wt.% 

F 

C*H U — (^-CH2CH 2 ~^^-F 

^ h '-0~O^C3^ f io ^.% 

F 

C * H " -0~0~C^~ F 10 wt.% 

F 

CzH5- 0^ CH ^ H 2^C)^ ( S -F 4 wt.% 

F 

C3H7 "C^ CHzCH2 'KZ) NH ^ b " F 2 wt.% 

_ F 

C5H„-hQkch 2 ch 2 -^])m^-f 4 Wt.% 

F 
F 

_ F 

CsH " "0~0^^~ F 8 wt.% 

C 2 H 5 *^^}^C^~C^ F 

c 3 h 7--(3 — <G^ h C^" f 3 wt.% 

^'"^(Z) - ^!} - G^ F 4 wt.% 

5 wt.% 



4 wt.% 

4 wt.% 

8 wt.% 

3 wt.% 
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Composition example 11 

F 

C 3 H 7 OCH 2 -^^)^COO^^J-CF3(No. 8) 5 Wt.% 

F 

F 

C 3 H 7 OCH 2 193) 5 Wt.% 

F 
F 

C 5 H„OCH 2 -£)~ ^^cOO-^^CF 3 (No. 194) 5 Wt . % 

F 

^"0-^0"° 4 wt.% 

C s H n — (3~C^~ CI 4 wt.% 

C 2 H 5^0— (Z)~0^ Ci 5 Wt.% 

C3H7 ^0~C^O" a 6 wt.% 

c 5 H »"KI)~C)~^^" a 5 wt.% 

^^O"^ 2 ^ 2 ^!}^^ 0 4 wt.% 

_ F 

C3h7 KI)^0^^^ F 6 wt.% 

F 

12 wt.% 



C 3 H 7 -< V-4 /V-F 13 wt-% 




F 

F 

C3H7 ^0~KZ)^ C4H9 4 wt.% 

55 
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Com position example 12 

F 



C*H 5 OCH 2 -(^^ 18 7) 8 wt.% 

c^HtOCHj-^kccxdhQ^H^^cncNo. 108) 6 wt.% 

e 

C,H 1t OCH 2 -"(])"COO-Q™0-CN(No. 110) 6 Wt.% 

r 

c ^ H «- M G)^C5 h " F 7 wt.% 

^s~"C3~"C}"~^I^ F 8 wt.% 

_ F 

^ H7 "K3^{Z)^C^ F 8 wt.% 

c * h " ^D-cy^y^ e wt . % 

F 

C2H s -Q-CH 2 CH a -Q-^-F g wt % 

_ _ p 

C^H,, _Q-CH 2 CH 2 -Q>_^- F 6 Wt.% 

_ _ F 

CiH '-{K>^ F 3 wt.% 



^-O-O-Q-* 3 wt.% 

^-Cy-O- 000 -^-' 1 4 wt.% 



c ' h '-0-0- coo ^Q" f 3 wt.% 

F 

c ^-0~0~O- a 5 wt.% 

« ^ H '-O-O- CC0 ^O- F 3 wt.% 

c,h„ -0^>ccohQ-? 3 Wt.% 

c > H '-0~0~ COOH O t " F 3 wt.% 

50 c ^-OKD-0- cH ' 3 wt.% 

CaH,-O-O-O- 0CH > 4 wt.% 
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Composition example 13 

F 

C 3 H 7 OCH 2 -HQ-COO--^- CN(No.4) 3 wt.% 

F 

C 5 H u OCH 2 -^^-COO-^^CN(No. 1) 3 Wt.% 

F 

F 

C 3 H r OCH 2 -<Q^CCXD-<^-CF3(No. 8) 5 wt.% 

F 

_ F 

C 5 H n OCH 2 -^Q-COOH^-CF 3 (No.- 10) 4 Wt.% 

F 

c7H ' 5 ~O^C$~ f 5 wt.% 

— F 

c * h *-0-0-^C^- f ii wt.% 

11 wt.% 

F 

c * h » -0~0-^- F ii wt.% 

5 wt.% 

C ' H '-<><>-C^ F 5 wt.% 

35 CsHn ^Z)^ H C^ H C^ F 10 Wt.% 

— _ F 

3 wt.% 

_ F 

40 C 5Hu-H(3" CH 2 CH 2^(^ H 0^ F 3 Wt.% 

4 wt.% 
4 wt.% 
3 wt.% 

C ^^CHG^ OC ^ 3 wt.% 

ch 3 och 2 ^3-^Qkc 3 h 7 2 wt % 

_ F 

C ^K3""0^~0" C2H5 5 wt.% 
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Composition example 14 

F 



C 3 H r OCH 2 --^^COO-^^CF a (No. 8) 5 Wt.% 

F 

_ _ F 

C 3 H r OCH 2 -^)-C0O-Q^^-CF3(No. 14 5) 4 wt . % 

F 

C 5 H„OCH 2 "-Q-COOH^--^-CF3(No. 14 6) 4 wt . % 

C 3 H r OCH 2 -^^COO^^-^-CF 3 (No. 3 4 1) 4 wt.% 

C3H r OCH 2 --^^^)-COOH^^-H^^CF 3 (No. 3 5 6 ) 2 wt . % 

C7Hl5 ^O^C5" F 7 wt.% 

F 

° 3H7 ^C}~G}^ h C^ f 8 wt.% 

F 

_ F 

C **~KI)~"C!)~C^ F 4 wt.% 

F 

„ F 

^^O^^^^O^C^ 10 wt - % 

„ F 

c 4 h 9 ^^ch 2 ch 2 -^HQ^f 8 wt.% 

F 

F 

C 5 H n ^(3-CH 2 CH 2 -^^H^-F g wt-% 

C 3 H 7 -^]^^CH 2 CH 2 -^^F 12 w t.% 

F 

_ F 

C5Hn "KZ}~(Z}~ CH2< ^ 2 ' H ^" F 8 wt.% 

F 

_ _ F 

F 

_ F 

CsHn "^O^O^O^*" 8 wt.% 
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F 

F 




5 wt.% 



2 wt.% 



2 wt.% 



Composition example 15 
_ F 

CaH 7 OCH 2 -^^-COO^^-CNCNo. 4) 8 wt % 

F 

F 

C 5 H n OCH 2 -^Q-COOH^KCN(No. 1) 6 Wt.% 

F 

_ F 

^ H 5° CH 2"^G)^0^ CTO *^^^ CN(NO - 187) 
IS F 

F 

i2 "K3""^^ coo "O w Q" cNcN °- 2 9 6 ) 

10 wt.% 

CeH ' 3 ~0~~G^" F 8 wt.% 

C7Hls "~(Z)~~C^~ F 8 wt.% 

C * Hs -0" H 0-O-° CF3 5 wt.% 

C ' H '-O-0-0-°^ 5 wt.% 

C 3 H 7 -^)- CH 2 CH 2 -{3~O' 0CF3 5 wt.% 

CsH ''-0- CH 2 CH 2-O-0"° CFj 5 wt.% 

OCF 3 4 w t.% 

c ^"-0~0" cHaCH2 ^0" ocF » 4 wt.% 

^ F 

F 

C 3 H 



10 Wt.% 
8 wt.% 

r 3 wt.% 

C5Hn 2 wt.% 
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C omposition example 16 

F 

C 3 H70CH 2 -<Q^-CCX)-<^-OCF3 CNo. 18) 10 Wt - % 

F 

c 2 h s och 2 -<(3--0 > ~ COO ~^" CCF:,<:No - 2 0 3) 6 wt.% 

C 3 H 7 OCH 2 -£>— ^-CCO-Q— Q-CF 3 (No. 3 5 6 ) 5 wt.% 

c s H n— (^y~ c^~ f 12 wt - % 

^"-O— C5~ f 12 wt * % 

C 2 H 5 -(^)— <^)— ^^-OCF 3 5 Wt.% 

C 3 H 7 -£^— (^-h£^-OCF 3 5 Wt.% 

CsH "-O~O~O~ 0CF3 5 wt.% 
_ F 

c3H7 "KZ)~G k "" h O~ OCF2H 12 wt * % 

F 

F 



c * H "-\_/-\_J—%^-° CF i H 10 wt.% 

F 

F F 

C3H '-0~C^-C^- F 5 Wt.% 

F 

F F 



F 

45 C 3 H 7 -Q— <^]>-CCX)-^^-OCF 3 4 Wt.% 

C5h, '-0~ h O" coo ~0~ ocF3 4 wt.% 

50 
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C omposition example 17 

F 

CaHrOCHa-^-COO-^^-CNCNo. 4) 5 wt.% 

F 

cn(No. 5) 5 wt.% 

F 

_ F 

CsH„OCH 2 ^^^-COO-^^-CNCNo. 1) 5 Wt.% 

F 

_ F 

C 2 H 5 OCH 2 -^)---^-CCOH^~CNCN*0. 187) 5 Wt.% 

F 

_ — — F 

<^OCH 2 -^)-h£^C^ 2 9 4 ) 3 wt.% 

CH 2 = CHC 2 H 4 hQhQ- CN 4 Wt.% 

C * H »~- , C^~^^" C2H5 3 wt.% 

^-C^G" 0 * 6 wt - % 

c * H ti-Q— 0" CN 5 wt.% 
_ F 

C2Hs ^O~""C5~ CN 6 wt.% 

c 3 h 7 ^])kch 2 ch 2 -^Hoc 2 h 3 4 wt.% 

C 5 H n -^)^CH 2 CH 2 -H^^-OC 3 H 7 6 Wt . % 

c 3 h 7-0^ccohQ-cn 5 Wt.% 

C 5 H n -Q^COO^QKOCH3 6 Wt.% 

C 5 H„— (^]>-CCO-^^OC 3 H 7 6 Wt.% 

40 c 5 H "- H 0 hH G K ~O^ cN 4 wt.% 

C ' H " "^])~^C^" CH2CH2 "~ < O hC4H9 3 wt.% 

CHjCHz— ^^-C 3 H 7 3 w t.% 

ch 3 ch=chh(3-KI) Kch 2 0 ch3 6 wt.% 

CH 3 CH=CHC 2 H 4 -Q^^^^-c 3 H 7 4 Wt . % 



3 wt.% 
3 wt.% 
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C omposition example 18 

F 

C5H„OCH 2 — ^^~COO-<^^-CF 3 (No. 10) 8 Wt.% 

C 3 H r OCH 2 --^^-COOH^-^^-CF 3 CNo. 115) 5wt.% 
F 

C 4 H 9 -hQ^COO-^-F 5 Wt.% 

F 

C^Hn — ^^-COO-^^-F 5 wt.% 

F 

^s-^^-COO-^^-CN 6 wt.% 

F 

°3 H 7— ^^" CO °^^^ CN 6 Wt.% 

F 

c« H 9— ^^ co °-^^" CN 5 wt.% 

F 

C *H,.-C}-CCXD-C^CN 5 Wt.% 

F 

^-"O^C^^^S^ 11 4 wt.% 

F 

c 5 h„ -{3~C3~ coo ^^$ b " F 4 wt.% 

F 

C 2 H 5 — ^3*" COO- ^^" CN ^ Wt.% 

_ F 

C ^ H 7— C^ H W KCOO " <: ^^* CN 6 Wt.% 

F 

C 4 H 9 -^^ — ^^~ COOH ^5~ CN 4 wt.% 

F 

CsH " ~{I) KH 0^ C00 " H 0" CN 4 wt.% 

F 

CH 3 OC 3 H 9 — ^ ^ COO-^^- CN 



5 Wt. 



c 3 h 7-(3^Q^ — C^- 0 *"* 8 wt.% 

CH 2 =CHC 2 H 4 — <^^C 3 H 7 3 Wt.% 

CH 2 =CHC 2 H 4 -<(^^^ 3 wt .% 
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Composition example 19 




F 

\ 

F 


12 wt.% 


°2 H5 -O" co ° cn 


12 wt.% 


C 3 H 7 — COO CN 


3 wt.% 


F 


10 wt.% 


F 

C 3 H 7 — (~~)— CN 


7 wt.% 


C 3 H 7 — \ /— \ /- C 4 H 9 


9 wt . % 


c sH7 — O^O^" ° C2Hs 


6 wt.% 


c 3 h 7 -O-O- co ° -0~ F 


5 wt.% 




5 wt.% 


C3H7 "V>A_>-\>- CH 3 


9 wt.% 


C 3 H 7 CH 2 CH 2 -^^ _ ^^-C 2 H 5 


5 wt.% 


C 3 H 7 CH 2 CH 2 -Q — Q>- C 3 H 7 


5 wt.% 


C 3 H 7 -{3- CH 2 CH 2 — C«H 9 
F ' 


5 wt.% 




7 wt.% 



50 
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Composition example 20 

F 



F 

•CN 

F 



CaHrOC^-^^-COO-f^J-CFaCNo. 3 3 8) 5 wt . % 

C«H 9 OC 2 H 4 — ^^COO-^~^OCF 2 H(No. 7 2) 5 wt . % 

F 

C s H„0CH 2 — ^^COO-£j-OCF 3 CNo. 2 0) 5 wt . % 

C * H »-0-0-^-F 5 wt.% 

^ H7 "C!}~^Z)~C5" F 5 wt.% 

cjH " - (^y~ cd—c^ - ^ 5 wt.% 

^"-O - ^"^ 11 wt.% 

^'"CMIH!)"^ 3 8 wt.% 

C 3 H 7 4 Wt . % 

C3H ^-O-O~~O~ 0CH3 4 wt.% 

C 3 H 7 -Q" CH 2 CH 2-0~ = ~0* C2Hs 3 wt.% 

C 3 H 7 -Q-CH 2 CH 2 -Q-=-^-C 3 H 7 3 wt.% 

c,h 7 -<3-ch 2 ch 2 -Qk^-hQ-c 4 h 9 3 wt.% 

F 

C3H '"Q"0 = 0~ C2Hs 4 wt.% 
F 

C3H7 ~Q""Q — Q- C 3 H 7 4 Wt.% 

F 



10 wt.% 
12 wt.% 



4 wt.% 



55 



EP0738 709 A2 



10 



25 



30 



40 



45 



20 



Composition example 21 

CaHTOCHj-Q^GOO-QHCFaCNo. 3 3 5 ) 6 wt . % 

CH 7 OCH 2 ^^KCOO^^~OCF 3 (Ko. 18) 5 wt.% 

F 
F 

C3H r OCH 2 «^)-COO-(^-CFH 2 CNo. 2 8) 5 wt % 

F 

_ F 

C 5 H n OCH 2 -^^COO-S^^OCF 3 (No. 3 9) 3 wt.% 

F 

F 

6 wt.% 
4 wt.% 

c * h ' h C h G h ^ f 4 wt.% 

^ hi,- Cn > ^C^~C!^" f 4 wt.% 

C 2"5-^^>-H^-C 2 H 5 5 Wt.% 

C 3 H '"CH>^0- C2Hs 5 Wt.% 

^"^Cn^^O" 0 ^ 5 5 wt.% 

C ^"O" C0 °^O^ 0C * H9 5 wt.% 

35 C 4 H,-{^CC»hQ-OC 2 H $ 5 wt % 

C 5 H , , COO OCH3 

C 5 H lt -H^)- COO H^^K- CH 3 

C 2 H 5 -^hCH 2 CH 2 H^-^-Q>-C 4 H 9 4 Wt.% 

C 3 H 7 ^}--CH 2 CH 2 --^--=-<^.C 4 H 9 

CaH '-^I)-O" C00 " M O^O ta " CN 3 wt.% 

«> C 5 H n-O~O" C °°*0^0^ CN 3 wt.% 



5 wt.% 

6 wt.% 



4 wt.% 

5 wt.% 
5 wt.% 
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Composition example 22 
F F 

C3H,0CH 2 -^-C0O-^^-OCF 3 (No. 6 8) 6 Wt . % 

F F 
F F 

C3H,0CH 2 — ^-C0O-^J-OCF 2 HCNo. 7 1) 6 wt . % 

F F 

C 5 H n OCH 2 -hQ-COO-^^H^^OCFj (N" 0 . 163) 4 wt - % 

OCF 2 H(No. 16 6) 4 wt.% 

P 

CH 2 =CHC 2 H 4 -£)— ^^-CN 10 v/t.% 

CH,CH=CHC 2 H 4 -(^— ^^"CN 10 wt . % 

25 C 3 H 7~<^}"~0~ CN 5 wt -* 

C S H 7 -(^— (3"""C^~ CN 5 Wt.% 

CaH7 '-£jJ"""Q~~Q~ F 6 wt '* 

CaHs ~0~O~~ G)" C3H7 4 Wt.% 

C4H9— £^ ^^- C 3 H 7 5 Wt.% 

C ^-O^O" C0 °"O~ F 3 wt.% 

c 3 h 7 -^])-coo-^-coohQ-f 3 wt.% 

C3H7- C)-0" C4H9 10 wt.% 

CH,OCH 2 -H^>—<^>-C,H r 4 wt . % 

C 2 H S -Q = 0" CHa 3 wt ' % 

CH3 ~C^ ~ C^~ C6H,:l 6 wt - % 

C4H9-Q = Q-C 4 H 9 3 „ t % 
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Composition example 2 3 

P 

c 2 h 5 och 2 -^^-H^-coohQ-cn(No. 2 3 1) 10 wt.% 

C 3 H 7 OC 2 H 4 — ^V- <^-COO-(Q-CN(No. 2 3 2) 9 wt.% 

F 

o _ F 

C s H n OCH 2 -<^ o >-Q-COO-^-OCF 3 CNo. 2 0 4) 5 wt . % 

F 

C2Hs -0~0~ CN 5 wt.% 

c 2 H s-(3~C)--C^~ CN 5 wt.% 

c3H7 ~^Z)-0--0~ cn 5 wt.% 

C4H9 ~0~~0~0~ cn 5 wt.% 



C3Ht ~Cn > ~G ) ~ < C}~ F 10 wt.% 

C3Hr ~0~ H 0~ C4H9 8 wt.% 

c 9 h,,^(3-hQ-c 4 h 9 3 wt>% 

C ^-O~^~O" 0CH3 4 wt.% 

— C^ -00 " 3 4 wt.% 

C ^-0~^~0-° CH 3 4 wt.% 



c > Hj '\_y-{j—\_j- cH * 5 wt.% 

C3H7 ~0~K3~0" ocH3 3 wt.% 
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Composition example 24 

F 

C 3 H 7 OCH 2 — £^-COOh£^OCF 3 (No. 18) 5wt.?6 

F 

_ F 

C3H 7 OCH 2 ~^^--^)-COO 22 1) 5Wt.« 

F 

F 

C 5 H n OCH 2 — (^>-COOH^^-CCF2HCNo. 2 5 1) 5wt . H 

F 

C 5 H U — C^- Cl 4wt.« 

C 3 H 7 -^]>-^G^ ° 6 wt . 96 

C 5 H n — (3-- 0^ CI Swt.W 

_ F 
C 2 H 5 — ^^-CH 2 CH 2 — — ° 4 wt .96 

_ F 

F 

C * H " -0""0^^~ F 1 2 wt 

C3H7-^TKr F 1 3 wt .96 




C 5 H n -<^J^-^j)^_^ F 1 3 wt 

F 

F 

C 3 H 7 C 2H 5 3 v; t . % 

C 3 H 7 -{^y^ (^y-C A H 9 4wt . « 
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Composition example 25 

F 

C3H7OCH2 -H^^-COO -^^-CN (No. 4) 3wt.% 

F 

F 

C5H11OCH2 

-^-COO^-COO-Q-OCF 3 (N o . 2 8 7) 3wt.K 
F F 

C 4 HflOCH 2 

-Q>-COO-^J-CF,(No. 3 3 7) 4wt.« 
F 

F 
F 

F 

c » h " -0-0~C5^ F 1 1 wt .« 

F 

F 

F 

C,H 7 -Q- CH 2 CH 2~0-^~ F 3Wt -* 5 

F 

c s h„ -(3~ ch2CH2 ~0~~^~ f 3wt * % 

c >*> -0-0^-O- f 4wt • * 

c ^-0 _ 0" coo ~0 _ 0~ F 4wt - % 

c ' H "-0~0" cco_ 0~0~ F 3wt - ? * 

C,H,-<^)-H^-OC 2 H s SWt.K 

CH 3 OCH 2 — (~y ~ ^f^- C 3 H 7 2wt . 

F 
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Composition example 2 6 
F F 

C3HtOCH 2 — ^J-CC»-^J~CFH 2 (No. 8 6) lOwt.H 
F F 

F F 

C 3 H 7 OCH 2 -(3^ (3^^5" COOH Q" OCF3CNO 3 3 4) 6wt.W 




C 5 H„ -0~0~ F 1 2wt . « 

C?H,S " - C3 — C^" F 1 2wt - % 

C2Hs "^O^O^C^" 0CF3 5wt . K 

c 3H 7 -0~<CI)~G^ ocF3 5wt • % 

F 

C > H ?-*C)^^^ 1 2wt.:H 

F 

F 



OCF 2 H i 

F 

F F 



F 
F 




k F 



4\Vt . % 



OCF 3 4vt.$« 



50 



55 
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Composition example 27 

C 3 H 7 OCH 2 -^^-COOhQ>-OCF 2 H(No. 3 7 3) Bvjt.% 

F 

CsH„0CH 2 — ^^COO-^^-OCF 3 (No. 3 7 4) 6wt.« 

_ F F 

C 5 H„OCH 2 — (3~^5^ COO "^^5" CF 2 H (No. 3 8 8) 5wt.X 

C 3 H 7 OCH 2 -^^-hQ-COO-^^-^-.OCF 3 CNo. 3 9 3 ) 2wt.« 

F F 

C 5 H tl OCH 2 — ^"COO-0-CFH 2 (No, 4 0 9 ) 2wt.% 
C 5 H n ^(3" 1 0 Wt ■« 

CflH,3— C^" F 8vt.« 

C7Hts ""C~)~^r^ F 8wt.% 

^K^^O^G^ 00 ^ 5wt.« 

CaH7 ^0~0~0^ 0CF3 5 wt . « 

C 3 H 7 hQ>- CH * CH 2 -O^O" ° CF3 5 W * • % 

C s H n -Q^ CH 2 ch 2"H(]^^ 5wt .« 

C 3 H 7 -^^— (^)-CH 2 CH 2 H^-OCF 3 4Wt.W 

_ F 

^^"KZ)^^^^ 10wt.« 

F 



30 



35 



40 



45 



50 
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F 

C 3 H 7 2Wt.% 
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Composition example 28 

CH 3 OCH 2 -^^— (^-CCO-£^-OCF 3 (N 0 . 3 9 1) 8wt . <K 

_ F 
CaHyOCHj— ^^-C00-^^~^^-CF 2 HCNo. 3 8 3) 6wt.*> 

C 3 H 7 OCH 2 -Qkcoo^^^— ^^-CFH 2 ( No . 3 7 8) 6wt.« 
F 

„ F 

F 

C 2 H 5 ^}-CH 2 CH 2 -{])-^-F 6 wt . % 

F 

25 C 3 H 7 -^^CH 2 CH 2 ^Q— 

^ F 

C 5 H n «-Q-CH 2 CH 2 ^Q— (^«F 6wt.« 
F 

3wt.% 

F 

3vt> 

F 

_ F 

C 3 H 7 -^^Q-COOH^-F 4wt .H 

F 
F 

F 

5wt . 9* 

c 3 h 7 hJ3~0^ co ° *^0~ F 3 wt •« 

C 5 H„ ^O^-O^^^O^ 1 " 3wt.« 
c 3 H '"C^ H C) hCOT ~C^ 3wt.« 

c3H7 ^O^K3^G^ cH3 3 W t.« 



55 
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Composition example 29 



r 

C 3 H 7 OCH 2 -^^COO-^^CN (NO. 4) 5 wt.% 

F 
F 

C,H 9 OCH 2 ^Q^COOH0^CN (No. 5) { Qwt.% 

F 

F 

C 5 H lt OCH 2 -Q-COO-^^CN (No. 1) 5wt.% 

F 



5 wt.% 
8 wt.% 
7 wt . % 



F 

C3H7_ 0-0-^- cn 

C 3 H 7 -O^O^ CjH9 I 0 Wt . % 

c3H '^0-0~ oc2H5 
c ^-0-^-<G^ cH3 



5 wt . % 



1 0 wt . % 



wt.% 

_ _ F 

° 3H7 KI^^O^^^G^ C * H * 8 w t . % 

F 
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Composition example 3 0 



>oo> 




:h 2 =chch 2 — CN 

H 3 CH=CHC 2 K, —( ^ — 



l 1 wt.% 
1 J wt.% 
I i wt.% 
5 wt.% 



C5H1, 7 wt . % 

c 2 h 5 — — 0CH3 2 wt . % 

C 3 H ' "O — 0~ OCH3 2 Wt . % 

C4H9HQ = ^^-OCH 3 2 Wt.% 

c * H 9-0 ~ 0~° C2Hs 2 Wt.% 

C 5 H,,-Q> — ^^-oCH 5 2 wt.% 

C3H 'KD-0-Q^ CH3 5 wt.% 

C 3 H ' ~0~~0~0" C3H? 1 0 Wt . % 

C 3 H,-Q-CH 2 CH 2 -^-^-Q- Cj H 5 3 Wt.% 

C 3 H 7 -~Q-CH 2 CH 2 -Q — Q-C 3 H 7 3 Wt.% 
F 

c 3 H ^ ~^3~~C5 - ^ = ~"' C^" c2Hs 4 wt.% 

C 3 H 7 — f ) — d \— e=— ^ \-C 3 H 7 5 Wt.% 
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Composition example 31 



r 

C 2 H 5 OCH 2 -Q>-^Q-cOO-<^CN ( No . l87) l0wt .% 

F 

F 

C 3 H 7 OCH 2 — ^~^-COO-^^-CN 



I Owt.% 



Iwt.l 



p 

(E) CH 3 CH=CHC 2 H 4 COO -^J- CN 

F 

C 2 H 5-0~~0~ CN 10Wt.% 

C3H7 ~0~0~ cn 

C 3 H 7 ~<0~~0~ ° CzH5 1 0 Wt . % 

C3H7_ 0-0-0-° ch 3 

C 2 H 5 -Q- CH 2 CH 2 -hQ-=hQ- C 2 H 5 
C 3 H 7 -hQ-CH 2 CH 2 -^-^Q.c 3 H 7 

C3H7 ~CH[>-Q>-cn 9wt .% 

C * H "O00 CN 8wt.% 



1 5 wt.% 
10wt.% 

I Owt.% 

4 wt.% 

5 wt .% 
5 wt.% 
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Composition example 32 




--O-O 
■-00-- 



8 wt.% 



C3H 7 OCH 2 -^-COOH0-CN (No. 4 3) 

70 F 

F 

CH 3 OCH 2 -^K-^^ (No. 2 i 8) 10 Wt.% 

F 

C 2 H 5 COO -Q-CN 



7 wt.% 



F 

F 

C S H„ -^ N '>— ^~)~ f 3 wt.% 



10 wt.% 
5 wt.% 
10 wt.% 
10 wt.% 



7 wt.% 

6 wt.% 

6 wt.% 

2 wt.% 

2 wt.% 



CsH„-<3-COO^Q^ 2 wt % 

C7H --O- C0 °^> F 2 w t. % 

c 3 h 7 -^Qhch 2 ch 2 -^h-=^Q>-c 2 h 5 5 wt.% 

C3H 7 -^^ch 2 ch 2 -hQ^=hQ^c 3 h 7 5 wt-% 
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Composition example 33 



^- H 0^^ CTO ^Q ta " CN (No - 187) 5wt.% 

F 
F 




5wt.% 



C 3 h 7 OCH 2 ^~^CCXDhQ (No. 13 9) 

r 

75 C3H7 "^C 0 ^~~ G^ CN 7wt.% 

' wt.% 

20 c 2 H s-C^—Q-C N 7 wt.% 

c 3 H 7 -Q- C00 -O~ 0C4H9 8 wt.% 

C«H 9 -Q- COO OC 2 H 5 6 W t . % 

C 3 H 7 — <J^)-COO-^>-OC 2 H 5 5 Wt.% 

C 5 H, , -Q- COO hQk OC 2 H 5 4 wt % 

C 5 H„ -^>-C0OhQ-CH 3 7wt % 

C«H 9 -£ />— <Qk0C 2 H 5 1.1 Wt.% 



2.3 wt.% 
2.1 wt . % 
45 wt.% 
2 wt.% 

C ' H '^I>-0-<> CH > I 4 wt . % 

C3H '-0~0~ H 0 KOCH3 7 wt.% 

C ' H '-"0"~0~0~ F 3 wt.% 



3 wt.% 
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Composition example 34 




10 


f 

CH 3 OCH 2 -(^y^ (No. 2 18) 

F 


4 wt . % 


15 


c 

C3H 7 OCH 2 -H:^^COOH^^-CN (No. 4) 

F 


5 wt . % 




F 

C 5 H n OCH 2 -hQ>-cCX)--^J-CN (No. 1) 

F 


5 wt. % 


20 




9 wt . % 




(E) CHoCH=CCHCoH J — C ) — u )>— CN 


9 wt . % 


25 


ChUOChU — < /V-CN 

Vp^i * 3 ^> ■ i 2 \ / v^i ^ 


8 wt • % 




v^ 2 n 5 uun 2 // 


4 wt . % 


30 


^3 n 7 \ / \. J^ u 4 n 9 


5 wt • % 






8 wt . % 


35 


r*-w — — < i / \_ r-onpi-i 


^ wt % 




r u —/ \_=__/ \— nrHo 


1 1 Wt . % 


40 


<^?H 5 \J/ C 


c ,.f a 
0 WL . =6 






5 W l_ • "5 


45 


c 3 h 7 -^s^y^s^^^^ CH 3 


O t t 4- Q- 




C 3 H 7 -\_J—\^/ \JT C 3 H 7 


7 wt . % 


50 


CH 3 OCH 2 ^0-^^-<Q>-C)^ C >"7 


2 wt.% 
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Composition example 3 5 






10 


F 

C 2 H 5 OCH 2 "H^V-^y COO -Cy- CN (NO 

r 


. 18 7) 


5wt. % 


15 


C 2 H 5 CN 








CiH 7 — ( V— W >^-CN 




1 0 wt • % 


20 


C 2 H 5-^^H^-CN 




I Owt.% 




F 

^ 2 n 5 ^ y \i // 




1 0 wt - % 


25 






5 wt . % 




c H ,_/~ ,) — ^ \— / Vc 2 h s 




6 wt.% 


30 






6 wt . % 








6 wt • % 


35 


C 3 H 7 3 








C 3 H 7 -\_J^\__/^^_^ C 3 H 7 




0 Wl • ^5 


40 






V Wt. "6 




C 3 H 7 Vj/ oou \ >y uuo 3 




O W L . ^ 


45 


c 3 h 7 -{3" co ° co ° -O- F 




3 wt.% 



50 
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Composition example 3 6 
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C„H 9 OCH 2 — ^^-coo-^^kcn (No. 5) 6 w t.% 

F 

C 3 H *""^D~ 0^ CN 1 0Wt * % 

C 4 H *~~^^~ C^~ CN I0wt.% 

^"O^ 000 "^^^ I2wt.% 

C 3 H 7 — ^^-COO-^^-CN 4 wt. % 

C3H7 KI}^Z)" CTO ' H 0~0^ CN 3 wt.% 

-^H^- coo -Q—^- cn 3 w t . % 

c3H7 KI! hcooH G KoC4H9 1 iwt - % 

C.H 9 -^^COO-H^^-OC 2 H 5 8.3 wt.% 

C 5 H n — (^^COO-^^OCH 3 8-3 Wt.% 

C 3 H 7 -H^)^COO-H^)-OC 2 H 5 6.9 wt.% 

GsHn ^C^ cto ^C5^ oC2H5 5,5 wt - % 

CH 3° *^J^ CO ° C 2 H5 3 wt.% 

C 3 H 7 H^)^ H C^ < 0^ CH3 6 wt.% 



71 



BNSDOCID: <EP 0738709A2_I_> 



EP 0 738 709 A2 



Composition example 37 




C 2 h 5 och 2 -£)— Qkcoo-^-cn (No. I87)i0wt.% 

C 3 H 7 OCH 2 — ^^-< 

C 3 H 7 OCH 2 — <^^-COO-H^J-CN (No. 4) 5 Wt . % 

F 

CH 2 =CHH^)— ^^-CN 10 Wt.% 

(E)CH 3 ch=ch-h(3-0-cn 10 w t.% 

C Z H 5 -^^ — ^~^-OCH 3 10 Wt.% 

C3H7 ~O~^^~ 0C2H5 1 0 w t.% 

CH 2 =CHC 2 H 4 -<^)-<3>-C 3 H 7 5 wt.% 

CH2=CH ^0~0~ C - H9 5 wt.% 

CH 2 =CH-^-(^)-^^CH 3 10 wt.% 

(E) CH 3 CH=CHC 2 H 4 -(^—^—^-c 2 H s 10 wt . % 

C3H7 ~KI)~K3~^0~ cH3 10 wt - % 
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Composition example 38 




10 


r r 

C 3 H 7 OCH 2 -h;^J-COO-^^CN (No. 4 3) 

F 


i 0 wt.% 


15 


C 3 H 7 OCH 2 H^^COO-^^) — ^~/>~CN (No. 13 9) 

F 


5 wt.% 




3 7 \ / V // 


i O w L. • ^ 


20 




r ,.f Q, 

5 wt . % 






1 0 wt.% 


25 


\ / \ ^4^9 


1 1 Wt . % 




c,h, V _A >-Y~\-/ = V ch 


1 1 wt, % 


30 


U 3 M 7 \ / \ / \j/ U 3^7 


e\ 1 i4- 0 




c h — ( V-ph rn t \ — ( i r ii 


4 wt: . % 


35 


C3H7 -\ VcH 2 CH 2 — C/> — (D^ C 3 H 7 


4 wt . % 




C 3 H 7 -Q~ CH 2 CH 2-0 ~ O" 0 ^ 9 


4 wt.% 


40 


F 

> ' ' f \ 1/ 


6 wt.% 




F 


6 wt.% 



45 



50 
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Composition example 3 9 



C 2 H 5 OCH 2 — (^>— <Q>- COO CN 

F 

C 2 H 5 -^}- COO ~^)- CN 

C 3 H 7 -"O" COO-<^- CN 
F 

C 2 H 5-0~^~ CN 

25 C 3 H 7 _^y_^)_COO-<^-F 

c 5 h„ -0~0^ coo "0~ F 
so c 3 H 7 —(^y-^y~ c * H s 

C 3 H 7 —O—^T)- OC 2 H 5 

c 3 H 7 -0~0~0~ cHa 



C3H7 -<3-^-^-0" C2Hs 



(No. 18 7) 


I 0 wt . % 




1 2 wt, % 




3 wt. % 




7 wt . % 




1 0 wt.% 




5 wt . % 




5 wt.% 




9 wt.% 




9 wt.% 




8 wt.% 


C 2 H 5 


5 wt.% 


C 3 H 7 


5 wt.% 




5 wt.% 




7 wt.% 
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Composition example 40 



C 2 H 5 OCH 2 -<^^ ( No . 18 7) 12wt.% 

F 

C 2 H 5 -H^^-COOH^^-CN 1 2 Wt.ft 

C 3 H 7"-^^- coo ^^CN 3 Wt.% 
F 

°2^5^(^y—^^C^ 1 0 Wt.% 
F 

° 3H7 "^C)~C^" CN 7 wt.% 

C3H7 "^O^I}^ COO "0~ F 5 wt.% 

CsH - ■ H CM3^ coo "0^ F 5 wt.% 

C3H? "^Z)^C^ C4H9 9 wt.% 

C 3 H 7H(3^O^ 0C2H5 6 Wt.% 

C3H? "{}^yO" CH3 9 wt.% 

C 2 H 5 5 Wt.% 

C 3 H 7 -^])-CH 2 CH 2 — (^ ) == <^-C 3 H 7 5 Wt.% 

C 3 H 7 -^)-CH 2 CH 2 -^^ — ^^" C * H » 5 Wt.% 
F 

2*5 7 wt.% 



50 Example 

The present invention will be described in more details by way of Examples. In addition, in the respective Examples, 
Cr, S A , S b , S c , S x , N and Iso, respectively represent crystal, smectic A phase, smectic B phase, smectic C phase, 
smectic phase whose phase structure has not yet been analyzed, nematic phase, and isotropic liquid. The unit of the 
55 phase transition temperatures ail refer to °C. 
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Example 1 

Preparation of 3,5-difluoro-4-cyanophenyl 4-(pentyloxymethyl)benzoate (in the formula (1), R=C 5 H 11( M t m=1, nand 
o=both, 0; A^l^-phenylene group, Z^-COO-, X=CN, and Y, and Y 2 = both, F) (Compound No. 1)) 

4-(Pentyloxymethyl)benzoate (1 .6 g, 7.1 mmol) was mixed with thionyl chloride (1 .3 g, 10.6 mmol), pyridine (0.1 mi) 
and toluene (3 rrtf), followed by reacting them at 80°C for 2 hours, and distilling off superfluous thionyl chloride and tol- 
uene under reduced pressure, to obtain raw 4-(pentyloxymethyl)benzoyl chloride. 

Next, 2,6-difluoro-4-hydroxybenzonitrile (1.1 g, 7.1 mmol), pyridine (0.8 mi) and toluene (2 rrtf) were mixed. To this 
mixture was dropwise added a toluene 3 ml solution of the above 4-(pentyloxymethyl)benzoyl chloride, at room temper- 
ature for 10 minutes, followed by reacting them at 50°C for 2 hours, addign water (10 mi) to the reaction product, 
extracting with toluene (50 m£), washing the resulting organic layer three times with 6N-HC^ f three times with 2N-NaOH 
and three times with water, drying over anhydrous magnesium sulfate, distilling off the solvent under reduced pressure, 
subjecting the residue to silica gel column chromatography (eluent: toluene), to obtain raw 3,5-difluoro-4-cyanophenyl 
4-(pentyloxymethyl)benzoate (2.5 g), and recrystallizing this product from heptane/ether (6/4), to obtain the captioned 
compound (1 .8 g) (yield: 69.0%). 

Cr 32.6 ~ 33.3 Iso 

Further, the mass spector data well supported its structure. 
Mass analysis: 360 (M+1). 

According to the process of Example 1 , the following compounds (No. 2 to No. 42) are prepared. 
In addition, the respective compounds were represented by extracting R, £ t A=-(A r Z 1 ) m -(A 2 -2 2 ) n -(A3-Z 3 ) 0 -, X, Y 1 
and Y 2 as parameters in the compounds expressed by the formula (1). 
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(This applies to the succeeding Examples.) 





No. 


R 1 


I A 


X 


Y, 


Y 2 




5 


2 


CH 3 1 


-O" co °- 


CN 


F 


F 






3 


CzH5 1 


-hQ-coo- 


CN 


F 


F 




70 


4 


C 3 H 7 1 


-Q>-coo- 


CN 


F 


F 


Cr 
or 




5 


C4H9 1 


-^Q-coo- 


CN 


F 


F 


Cr 
or 




6 


CH 3 1 


-O~ coo ~ 


CF 3 


F 


F 




15 


7 


CzHj 1 


-O~ co °* 


CF 3 


F 


F 






8 


C 3 H 7 1 


-O~ co °" 


CF 3 


F 


F 


Cr 
or 


20 


9 


C 4 H, 1 


-Q-coo- 


CF 3 


F 


F 




10 


C 5 H U 1 


-hQ-coo- 


CF 3 


F 


F 




25 


11 


CH 3 1 


-Qhcoo- 


CF 2 H 


F 


F 






12 


CaHj 1 


-O" coo ~ 


CF 2 H 


F 


F 






13 


C 3 H 7 1 


-O-coo- 


CF 2 H 


F 


F 




30 


14 


C4H9 1 


— O* co °- 


CF 2 H 


F 


F 






15 


C 5 H U 1 


— 0~ c °°- 


CF 2 H 


F 


F 




35 


16 


CH 3 1 


— Q-coo- 


OCF3 


F 


F 






17 


G>H 5 l 


— O" co °* 


OCF3 


F 


F 


Cr 
or 




18 


C 3 H 7 1 


-Q-coo- 


OCF3 


F 


F 




40 


19 


QH 9 1 


-O~ co °- 


OCF 3 


F 


F 






20 


C 5 H U 1 


-hQ-coo- 


OCF3 


F 


F 




45 


21 


CH 3 1 


-hQ-coo- 


OCF 2 H 


F 


F 






22 


C 2 H S 1 


-O~ coo ~ 


OCF 2 H 


F 


F 






23 


C 3 H 7 1 


-^G^ coo ~ 


OCF 2 H 


F 


F 




50 


24 


C 4 H 9 l 


-<Q-coo- 


OCF 2 H 


F 


F 






25 


C 3 H U 1 


-hQ-CCO- 


OCF 2 H 


F 


F 





room temp . 
lower Iso 

room temp , 
lower Iso 



room temp , 
lower Iso 



room temp , 
lower Iso 



55 
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No. 


R 1 


A 


X 


Yi 


Y 2 


5 


26 


CH 3 1 


-h( == Vcoo- 


CFH 2 


F 


F 




27 


C2H5 1 


—C'Vcoo- 


CFH 2 


F 


F 




28 


C3H7 1 


— {^Vcoo- 


CFH 2 


F 


F 


10 


29 


C4H9 1 


— ^VcOO- 


CFH 2 


F 


F 




30 






CFH 2 


F 


F 


15 


31 


C3H7 1 


— (v coo - 


CN 


F 


F 




32 


C4H9 1 


— C\ /V coo - 


CF 3 


F 


F 




33 


C 5 H n 1 




OCF 3 


F 


F 


20 


34 


Q0H21 1 


— <{~~Vcoo- 


CN 


F 


F 




35 


C?Hi5 1 


-O" coo_ 


CF 3 


F 


F 


25 


36 


QH 13 1 


-Q-coo- 


OCF3 


F 


F 




37 


C3H7 1 


— ^ y^coo- 


CN 


F 


F 


30 


38 


C4H9 1 


— ( )-cqq- 


CF-j 


F 


F 




39 


C 5 H U 1 


--<^^-coo- 

— ( >-coo- 

— < Vcoo- 
0^ 


OCF3 


F 


F 




40 


QH 5 1 


CN 


F 


F 


35 


41 


C-iHis 1 


CF 2 H 


F 


F 




42 


C 8 H l7 1 


— <3>-coo- 


OCF 2 H 


F 


F 



40 



Example 2 

45 Preparation of 3,5-difluoro-4-cyanophenyl 2 -f luoro-4-(propoxy methyl) benzoate (in the formula (1), R=C 3 H 7 , M , m=1 , 
n and o=both, 0, A 1 =2-fluoro-1,4-phenylene group, Z^-COO-, X=CN and and Y 2 = both, F) (Compound No. 43) 

2-Fluoro-4-(propoxymethyl)benzoate (1.5 g, 7.1 mmol) was mixed with thionyl chloride (1.3 g, 10.6 mmol) pyridine 
(0.1 m£) and toluene (3 rx\£) t followed by reacting them at 80°C for 2 hours, and distilling off superfluous thionyl chloride 
so and toluene under reduced pressure, to obtain raw 2-fluoro-4-(propoxymethyl)benzoyl chloride. 

Next, 2,6-difluoro-4-hydroxybenzonitrtle (1 .1 g. 7.1 mmol), pyridine (0.8 m£) and toluene (2 rrtf) were mixed. To this 
mixture was dropwise added a toluene 3 ml solution of the above 2-f luoro-4-(propoxymethyl)benzoyl chloride at room 
temperature for 10 minutes, followed by reacting them at 50°C for 2 hours, adding water (10 m£) to the reaction product, 
extracting with toluene (50 rrtf), washing the resulting organic layer three times with 6N-HC^. three times with 2N-NaOH 
55 and three times with water, drying over anhydrous magnesium sulfate, distilling off the solvent under reduced pressure, 
subjecting the residue to silica gel column chromatography (eluertt: toluene), to obtain raw 3,5-difluoro-4-cyanophenyl 
2-fluoro-4-(propoxymethyl)-benzoate (2.4 g) and recrystallizing this product from heptane/ether (8/2), to obtain the cap- 
tioned compound (1.6 g, yield: 64.8%). Cr 23.5-24.3 Iso 

Further, the mass spector data well supported its structure. 
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Mass analysis: 350 (M+1) 

According to the process of Example 2, the following compounds (No. 44 to No. 88) are prepared. 

No. R 1 A X *i Y 2 

F 

44 C2H5 1 — Q-COO- CN F F 

45 C4H9 1 — (~J-COO- CN F F 

F 

46 C 5 H U 1 —^5" COO- CN F F 

F 

47 CH 3 5 — CO ° 01 F F 

F 

48 C4H9 2 -^5" COO- CN F F 

F 

49 C3H7 1 — <^-COO- CN F F 

F 

50 C«H 9 1 — (Q-COO- CN F F 



-COO- CN 
52 C 5 H n 5 -hT"V COO- CN 



F 

51 CH 3 4 — <Q-C 

53 CH 3 1 — Q-COO- CF 3 

54 C3H7 1 — Q-COO- CF 3 

F 

55 C 4 H 9 1 — Q-COO- CF 3 

F 

56 C 2 H 5 2 — <Q^COO- CF 3 

57 C 3 H 7 3 — ^J-COO- CF 3 

58 C3H7 1 — Q-COO- CF 3 

F 



59 CsHu 1 -<7>-C00- CT : 
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No. R 1 a X Y x Y 2 

F 

60 C2H5 4 COO CF 3 F F 

F 

61 C 3 H 7 2 --C^CCO- CF, F F 



F 
F 



62 C2H 5 1 —^(^COO- OCF3 F F 

F 

63 C4H9 1 "^O^ CO ° " OCF3 F F 

F 

64 C S H U 1 — <Q-COO- OCF3 F F 

F 

63 C2H5 2 -hQ^COO- OCF3 F F 

F 

66 C 3 H 7 3 — (~^-CCO- OCF3 F F 

F 

67 C 2 H 5 1 -hQ^COO- OCF3 F F 



F 
F 



30 68 C 3 H 7 1 -<Q-COO- 0CF3 

F 
F 

69 CH 3 2 — Q^ CO0 ~ OCF 3 
35 p 

F 

70 C 4 H 9 4 ~ O" CO ° " 0CF3 



F 
F 

71 C 3 H 7 1 "^O^ CO ° ~ OCF 2H F F 

F 

72 QH 9 2 ~C3^ COO ~ OCF 2 H F F 

F 

73 C 3 H 7 1 — ^J-COO- OCF 2 H 

F 
F 

74 C S H U 5 — <Q^CCO- OCF 2 H 

F 



F F 
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Example 3 



Preparation of 3,5-difluoro-4-cyanophenyl 4-(ethoxyethyl)benzoate (in the formula (1), R=C2H 5 , &=2, m=1, n and 
o=both. 0, A^M-phenylene group, Z^-COO-, X=CN, and Y 1 and Y 2 =both, F) (Compound No. 89) 



4-(Ethoxyethyl)benzoate (1 .4 g, 7.2 mmol) was mixed with thionyl chloride (1 .3 g, 10.8 mmol), pyridine (0.1 m£) and 
toluene (4 m£), followed by reacting them at 80°C for 2 hours, distilling superfluous thionyl chloride and toluene under 
reduced pressure, to obtain raw 4-(ethoxyethyl)benzoyl chloride. 

Next, 2,6-difluoro-4-hydroxybenzonitrile (1 .1 g, 7.2 mmol), pyridine (0.8 m£) and toluene (2 m/) were mixed. To this 
10 mixture was dropwise added a toluene 3 m£ solution of the above 4-(ethoxyethyl)benzoyl chloride, at room temperature 
for 5 minures, followed by reacting them at 50°C for 3 hours, adding water (15 ntf) to the reaction product, extracting 
with toluene (50 m£), washing the resulting organic layer three times with 6N-HGe, three times with 2N-NaOH and three 
times with water, drying over anhydrous magnesium sulfate, distilling off the solvent under reduced pressure, subjecting 
the resulting residue to silica gel column chromatography (etuent: toluene), to obtain raw 3,5-dif luoro-4-cyanophenyl 4- 
15 (ethoxyethyl)benzoate (2.2 g), and recrystallizing this product from heptane/ether (8/2), to obtain the captioned com- 
pound (1 .5 g, yield: 62.8%). 

Further, the mass spector data well supported its structure. 

Mass analysis: 332 (M+1) 
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According to the process of Example 3, the following compounds (No. 90 to No. 107) are prepared. 





No. 


R 


I 


A 


X 


Y, 


Y 2 


5 


90 


CH 3 


5 


-hQ-coo- 


CN 


F 


F 




91 


QjHs 


3 


-O co °- 


CN 


F 


F 


10 


92 


C4H9 


3 


-Q-COO- 


CN 


F 


F 




93 


CH 3 


9 


-Q-COO- 


CF3 


F 


F 




94 


C 3 H 7 


2 


-^Q-COO- 


CF3 


F 


F 


15 


95 


CsHu 


5 


— £)-coo- 


CF 3 


F 


F 




96 


CzHj 


2 


— -£}-coo- 


CF 2 H 


F 


F 


20 


97 


C 3 H 7 


3 


-hQ-coo- 


CF 2 H 


F 


F 




98 


C«H 9 


5 




CF 2 H 


F 


F 


25 


99 


CH 3 


2 




CFH 2 


F 


F 




100 


CH 3 


3 


-Q-coo- 


CFH 2 


F 


F 




101 


Ci 0 H 21 


9 




CFH 2 


F 


F 


30 


102 


CH 3 


4 




OCF 3 


F 


F 




103 


C 3 H 7 


2 


-0- C0 °- 


OCF 3 


F 


F 


35 


104 


CsH n 


2 


-^Q-coo- 


OCF3 


F 


F 




105 


C 2 H S 


5 


-O-coo- 


OCF 2 H 


F 


F 




106 


C4H9 


4 


-O- C00_ 


OCF 2 H 


F 


F 


40 


107 


C 5 H U 


2 


^Q-coo- 


OCF 2 H 


F 


F 



45 

Example 4 

Preparation of S'.S'-difluoro^'-cyanobiphenyl^-yl 4-(propoxy methyl) benzoate (in the formula (1), R=C 3 H 7 , m and 
n=both, 1 , o=0, A-| and A 2 =both, 1 ,4-phenylene group, Z^-COO-, Z 2 =covalent bond, X=CN, and and Y 2 = both, F) 
so (Compound No. 108) 

4-(Propoxymethyl)benzoate (1.0 g, 5.2 mmol), 3',5'-difluoro-4'-cyano-4-hydroxybiphenyl (1.2 g, 5.2 mmol), DAMP 
(0.2 g, 1 .6 mmol) and dichloromethane (20 ml) were mixed, followed by dropwise adding to the mixture, a dichlorometh- 
ane 6 solution of DCC (1.3 g, 6.2 mmol), at room temperature for 5 minutes, stirring them as it was, for 12 hours, 
55 filtering off deposited crystals, adding toluene (50 m£) to the filtrate, washing the resulting organic layer three times with 
6N-HO, three times with 2N-NaOH and three times with water, drying over anhydrous magnesium sulfate, distilling off 
the solvent under reduced pressure, subjecting the residue to silica gel column chromatography (eluent: toluene), to 
obtain raw S'^-difiuoro-^-cyanobiphenyW-yl 4-(propoxymethyl) -benzoate (2.7 g), and recrystallizing this product from 
heptane/ethyl acetate (7/3), to obtain the captioned compound (1 .2 g, yield: 48.3%). 
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Cr 91 .9 to 92.8 N 121.2 Iso 

Further, the mass spector data well supported its structure. 
Mass analysis: 408 (M+1) 

According to the process of Example 4, the following compounds (No. 109 to No. 147) are prepared. 
No. R 1 A X Y t Y 2 

109 CJcig l _^^_cOO-^^— CN F F 

110 C S H U 1 _^-cOOhQ>— CN F F 

111 CH 3 2 -^VcoO-^^— CN F F 

N p 

112 C 3 H 7 1 — Q-COO-^)— CN F F 

"***" F 

113 C 5 H n 1 -h^-coohQ— CN F F 

114 CjHj l -Q-COO-Q- CF 3 F 



F 



115 C3H7 1 —C~y-COC-C~y- CT 3 F F Cr 91.4-92.2 Sa 102.3- 

W F 103.7 Iso 

25 nr r.H- 1 / = \_/~/-i/-i_/ ,SB >i r-v- F F 



F F 
F F 



116 C 3 H 7 3 -^-COO-^J- CF 3 F 

/=\ /=<" F F 

117 CjH s 1 _^_cOO-^__^— CF 3 

F 

118 C4H9 1 — ^^-COO-^~^— CF 3 

V ~' F 

119 C 2 H S 1 _Q>-COO^~^— CF 2 H 

120 C 3 H 7 1 — ^^-COO-^j>— CF 2 H F F 

121 C S H U 4 — ^-COOHQ— CF 2 H F F 

F 

122 C 3 H 7 1 — <^-COO-<Q— CF 2 H 

1_ F 

123 CH 3 l —^^-COO-^J— CF 2 H 

IT F 

124 C4H9 l — <Q>-COOhQ>— OCFj 

125 C S H U l -hQ-cOO-^^- OCF 3 F 
50 126 C 2 H 5 4 — Q>~C00-£5— OCF 3 p p 

127 CH 3 1 — C^- c °0-<^— OCF 3 F 

— F 

55 128 C 4 H 9 5 -Q-COO-0- OCF 3 F 



F F 
F F 

F F 

F 

F 
F 
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No. R 
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129 C 3 H 7 

130 C4H9 

131 CH 3 

132 C2H 5 

133 CH 3 

134 C3H7 

135 C 4 H 9 

136 CgHi7 

137 C 2 H 5 

138 C 5 H U 

139 C3H7 

140 C 4 H 9 

141 CH 3 

142 C 2 H 5 

143 C 5 H n 

144 C3H7 

145 C 3 H 7 

146 C 5 H„ 

147 C 4 H 9 



-hQ-coohQ- 

F 

f 

-Q)-COO-Q- 

-Q-coc-Q- 

— 0- c °°-0~ 

F 

-Q^coohQ- 

F F 
F 

F F 
F 

-h^>coohQ^ 

-O" co °-0~ 

-<]>COO^Q~ 



F r 

F F 
F 



OCF 2 H F 
OCF 2 H F 



CFH 2 
CFH 2 

CFHt 



CN 
CF 3 



CN 
CF 3 
CF 3 
OCF 3 



F 
F 



F 
F 



F 
F 
F 
F 



F 
F 



OCF 2 H F F 
OCF 2 H F F 
OCF 2 H F F 



F 
F 



CFH 2 F F 
CFH 2 F F 



F Cr 85.3-85.9 N 112.6 
Iso 



CF 2 H F F 
OCF 3 F F 

OCF 2 H F F 



F 

F 
F 
F 



55 



BNSDOCID: <EP 0738709A2_I_> 



85 




EP 0 738 709 A2 



m 



Example 5 



Preparation of trans-4-(3,5<llfluoro-4-cyanophenyl)-cyclohexyl 4-(butoxymethyI)benzoate (in the formula (1), R=C 4 H 9 , 
M , m and n=both, 1 , o=0, A 1 =1 ,4-phenylene group, A 2 =trans-1 ,4-cyclohexylene group, Z^-COO-, Z 2 =covalent bond, 
5 X=CN, and Y-j and Y 2 = both, F) (Compound No. 148) 

4-(butoxymethyl)benzoate (1.5 g, 7.2 mmol) was mixed with thionyl chloride (1.3 g, 10.8 mmol) pyridine (0.1 m£) 
and toluene (3 tr\£), followed by reacting them at 80°C, for 2 hours, and distilling off superfluous thionyl chloride and tol- 
uene under reduced pressure, to obtain raw 4-(butoxymethyl)benzoyl chloride. 
10 Next, 4-(trans-4-hydroxycyclohexyl)-2,6-dif luorobenzonitrile (1 .7 g, 7.2 mmol), pyridine (0.8 mQ and toluene (2 rrtf) 
were mixed, followed by dropwise adding to the mixture, a toluene 3 m£ solution of the above 4-(butoxymethyl)benzoyl 
chloride, at room temperature for 10 minutes, reacting them at 50°C for 2 hours, adding water (10 mi) to the reaction 
product, extracting with toluene (50 m£), washing the resulting organic layer three times with 6N-HCf , three times with 
2N-NaOH and three times with water, drying over anhydrous magnesium sulfate, distilling off the solvent under reduced 
is pressure, subjecting the residue to silica gel column chromatography (eluent: toluene), to obtain raw trans-4 -(3,5-dif- 
luoro-4-cyanophenyl)cyclohexyl 4-(butoxymethyl)benzoate (2.9 g), and recrystallizing this product from heptane/ether 
(6/4), to obtain the captioned compound (2.3 g, yield: 74.7%). 

Further, the mass spector data well supported its structure. 

Mass analysis: 428 (M+1) 
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According to the process of Example 5, the following compounds (No. 149 to No. 186) are prepared: 



No. R 



X 



w 



15 



20 



25 



30 



35 



40 



45 



50 



149 QHs 

150 C 3 H 7 

151 C 5 H U 

152 C 2 H S 

153 CH 3 

154 C 3 H 7 

155 C4H9 

156 CjH u 

157 C 2 H 5 

158 C3H7 

159 C4H9 

160 C 2 H S 

161 CH 3 

162 CjHj 

163 C S H„ 

164 C4H9 

165 CH 3 

166 C 3 H 7 

167 C 5 H U 

168 CioHij 



CN 
CN 



CN 
CN 
CF3 

CF 3 
CF 3 

CF 3 



F F 
F F 



F F 
F F 



F 
F 



CF 2 H F 
CF Z H F 



-0- C0 °-0- 

-<Vcoo-0- 

F 

-hQkCOOhQ- 

-Q-coo-Q- 

F 

-Q-coo-Q- 

^Q- C0 °-0- 

-Q>-coohQh- 

~Q-COOhQ- 
F 

-O" coo "0- 

-Cji-coo-O- 
-<Qhcoo-<3- 

-O coo O- 
-Q- coo O 

—^-COO-Q— OCF 2 H F F 



F 
F 



CF 2 H 
CF 2 H 

OCF 3 F 

OCF 3 F 

OCF3 F 

OCF 3 F 

OCF 2 H F 

OCF 2 H F 

OCF 2 H F 
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R 


1 A 


X 


Yi 


Y 2 


169 


C 3 H 7 


1 -h£>coc<_>- 


CFH 2 


F 


F 


170 


■ ■ l| R my 


i —u>-rnn-/\— 




r 


r 


171 


C 5 H U 


1 ~t> C0C O- 


CFH 2 


F 


F 


172 


C$H U 




CFH 2 


F 


F 


173 




r 


CFH2 


F 


F 


174 


C 3 H 7 


1 -OcocO 


CN 


F 


F 


175 


C S H U 


1 -{>coc-0 

v. r \^ ,j 


CN 


F 


F 


176 


CjHj 


1 — ( V- co c V- 
\_y \_/ 




F 

i 


r 


177 


C3H7 


1 — Vccc-' ^ — 
1 -^S-coc-/~V- 


CF- 


F 


p 


178 


C 3 H 7 




F 


P 


179 


C4H9 


1 -hT>coc^TV 


CF 2 H 


F 


F 


180 


C 3 H 7 


3 -O-COO-O- 


CF 2 H 


F 


F 


181 


CH 3 




OCF 3 


F 


F 


182 


C4H9 




OCFn 


F 


F 


183 


C 5 H U 


1 -OcocO 


OCF 2 H 


F 


F 


184 


C 8 H 17 


2 -^>COO-0 


OCF 2 H 


F 


F 


185 


C 3 H 7 


1 -Q-coo-<Q- 


CFHj 


F 


F 


186 


CH 3 


7 -OcooO 


CFH 2 


F 


F 



45 



Example 6 

Preparation of 3,5<Jifluoro-4-cyanophenyl 4-(trans-4-(ethoxymethyl)cyclohexyl)ben2oate (in the formula (1), R=C2H 5 , 
so *=1 , m and n=both, 1 , o=0, A 1= trans-1 ,4-cyclohexylene group, A 2 =1 ,4-phenylene group, Z 1= covalent bond, Z 2 =-COO- 
, X=CN, and Y 1 and Y 2 = both, F) (Compound No. 1 87) 

4-(Trans-4-(ethoxymethyl)cyclohexyl)benzoate (1.9 g, 7.1 mmol) was mixed with thionyl chloride (1.3 g, 10.6 
mmol). pyridine (0.1 m/) and toluene (4 m£). followed by reacting them at 80°C for 2 hours, and distilling off superfluous 
55 thionyl chloride and toluene under reduced pressure, to obtain raw 4-(trans-4-(ethoxymethyl)cyclohexyt)benzoyl chlo- 
ride. 

Next, 2,6-drfiuoro-4-hydroxybenzonitrile (1 .1 g, 7.1 mmol) was mixed with pyridine (0.8 mi) and toluene (2 tn£), fol- 
lowed by dropwise adding to the mixture, a toluene 3 rrtf solution of the above 4-(trans-4-(ethoxymethyl)cyclohexyl)ben- 
zoyl chloride, at room temperature for 5 minutes, reacting them at 50°C, for 3 hours, adding water (1 5 mt) to the reaction 
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product, extracting with toluene (50 rrtf), washing the resulting organic layer three times with 6N-HCA three times with 
2N-NaOH and three times with water, drying over magnesium sulfate, distilling off the solvent under reduced pressure, 
subjecting the residue to silica gel column chromatography (eluent: toluene), to obtain raw 3,5-difluoro-4-cyanophenyl 
4-(trans-4-(ethoxymethyl)cyclohexyl)benzoate (2.7 g), and recrystallizing the product from heptane/ether (7/3), to 
5 obtain the captioned compound (2.2 g, yield: 77.7%). 
Cr75.1 - 75.8 N 125.3 Iso 

Further, the mass spector data well supported its structure. 
Mass analysis: 400 (M+1) 
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No. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



188 QH 7 

189 CtH 9 

190 CH 3 

19! C3H7 

192 C S H U 

193 C3H7 

194 C5H11 

195 C 3 H 7 

196 QHj 

197 C 4 H 9 

198 C2H5 

199 C 3 H 7 

200 CjH u 

201 C3H7 

202 CH 3 

203 C 2 H S 

204 C 5 H U 

205 CfiHu 

206 C2H5 

207 C„H, 5 



_ F 

-o-0- c °°- 

-OQ-coo- 
"O-Ocoo- 

F 
F 

-O^0" co °- 

-O-0-coo- 
-OO-coo- 

_J F 

-0-^5-°°°- 
— F 

-hQ-0-cco- 

F 

-<2HQ-coo- 

-O^Q- co °- 

F 



X 




Y 2 


CN 


F 


F 


CN 


F 


F 


CN 


F 


F 


CN 


F 


F 


CN 


F 


F 


CF 3 


F 


F 


CF 3 


F 


F 


CF 3 


F 


F 


CF 3 


F 


F 


CF 3 


F 


F 


CF 2 H 


F 


F 


CF 2 H 


F 


F 


CF 2 H 


F 


F 


CF 2 H 


F 


F 


CF 2 H 


F 


F 


OCF3 


F 


F 


OCF 3 


F 


F 


0CF 3 


F 


F 


OCF3 


F 


F 


OCF 3 


F 


F 
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No. 



Y 2 



w 
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208 
209 

210 

211 

212 

213 
214 

215 

216 

217 

218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 



C 3 H 7 
C4H9 

CH 3 

C2H 5 

CH 3 

C5H11 
CH 3 
C 3 H 7 
C 4 H 9 

CH 3 

CsH„ 

CH 3 

C 3 H 7 

C2H5 

C 5 H n 

C4H9 

C 5 H U 

C4H9 

CgHn 

C 3 H 7 



-CX>coo- 

-0-O co °- 

-Q-Q-COO- 

-ChO- co °- 

-O-Q-coo- 
-O-O-coo- 

-Q-0-coo- 

F 

-0-0- co °- 

-00-coo- 

-CK>coo- 
-<X>coo- 

-<X>coo- 
-CK>coo- 
-OO-coo- 

-00 
-00 



•coo- 



•coo- 



OCF 2 H 
OCF 2 H 

OCF 2 H 

OCF 2 H 
OCF 2 H 

CFH 2 
CFH 2 

CFH 2 

CFH 2 

CFH 2 

CN 

CN 

CF 3 

CF 3 

CF 2 H 

CF 2 H 

OCF 3 

OCF 3 

OCF 2 H 

OCF 2 H 

CFH 2 



F 
F 



F 
F 



F F 
F F 



F F Cr 76.8-78.2 N 158.9 Iso 

F F 

F F 

F F 

F F 

F F 

F F 

F F 

F F 

F F 

F F 
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Example 7 

Preparation of 3,5-difluoro-4-cyanophenyl 4 , -(pentyloxymethyl)biphenyl-4-carboxylate (in the formula (1), R=C 5 H 11 , 
M , m and n=both, 1, o=0, A 1 and A 2 =both, 1 ,4-phenylene group. Z^covalent bond, Z 2 =-COO-, X=CN, and Y-j and 
Y 2 =both, F) (Compound No. 229) 

4'-(Pentyloxymethyl)biphenyl-4-carboxylate (2.1 g, 7.0 mmol) was mixed with thionyl chloride (1.3 g, 10.6 mmol), 
pyridine (0.1 mi) and toluene (4 m£), followed by reacting them at 80°C for 2 hours, and distilling off superfluous thionyl 
chloride and toluene under reduced pressure, to obtain raw 4'-(pentyloxymethyl)biphenyl-4-carbonyl chloride. 

Next, 2,6-difluoro-4-hydroxybenzonitrile (1.1 g, 7.1 mmol) was mixed with pyridine (0.8 m£) and toluene (2 m/), fol- 
lowed by dropwise adding to the mixture, a toluene 3 ml solution of the above 4-(pentyloxymethyl)-biphenyl-4-carbonyl 
chloride, at room temperature for 5 minutes, reacting them at 50°C for 3 hours, adding water (15 m£) to the reaction 
product, extracting with toluene (50 m/), washing the resulting organic layer, three times with 6N-HC*. three times with 
2N-NaOH and three times with water, drying over anhydrous magnesium sulfate, distilling off the solvent under reduced 
pressure, subjecting the residue to silica gel column chromatography (eluent: toluene), to obtain raw 3,5-difluoro-4- 
cyanophenyl 4'-(pentyloxymethyl)biphenyl-4-carboxylate (2.9 g), and recrystallizing this product from heptane/ether 
(1/1), to obtain the captioned compound (2.0 g, yield: 65.3%). 

Further, the mass spector data well supported its structure. 

Mass analysis: 436 (M+1) 

According to the process of Example 7, the following compounds (No. 230 to No. 270) are prepared: 
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Example 8 



Preparation of 3,5-difluoro-4-cyanophenyl 4-(2-(trans-4-butoxymethyl)cyclohexyl)ethyl benzoate (in the formula (1), 
R=C 4 H 9l /=1, m and n=both, 1, A.,=trans-1,4-cyclohexylene group, A 2 =1,4-phenylene group, Z 1 =-(CH 2 )2- > Z 2 =-COO-, 
5 X=CN, and Y 1 and Y 2 = both, F) (Compound No. 271) 

4-(2-Trans-4-(butoxymethyl)cyclohexyl)ethyl)benzoate (2.1 g, 7.3 mmol) was mixed with thionyl chloride (1.3 g, 
10.9 mmol), pyridine (0.1 mi) and toluene (3 m/), followed by reacting them at 80°C, for 3 hours, and distilling off super- 
fluous thionyl chloride and toluene under reduced pressure, to obtain raw 4-(2-(trans-4-(butoxymethyl) 
io cyclohexyl)ethyl)benzoyl chloride. 

Next, 2,6-dif luoro-4-hydroxybenzonitrile (1 .2 g, 7.4 mmol) was mixed with pyridine (0.8 m/) and toluene (2 mQ, fol- 
lowed by dropwise adding to the mixture, a toluene 3 me solution of the above 4-(2-(trans-4-(butoxyme- 
thyl)cyclohexyl)ethyl)benzoyl chloride at room temperature for 5 minutes, reacting them at 50°C for 2 hours, adding 
water (15 m£) to the reaction product, extracting with toluene (50 mi), washing the resulting organic layer three times 
15 with 6N-HCA three times with 2N-NaOH and three times with water, drying over anhydrous magnesium sulfate, distilling 
off the solvent under reduced pressure, subjecting the residue to silica gel column chromatography (eluent: toluene), to 
obtain raw 3,5-difluoro-4-cyanophenyl 4-(2-(trans-4-(butoxymethyl)-cyclohexyl)ethyl)benzoate (2.8 g), and recrystalliz- 
ing the product from heptane/ether (7/3), to obtain the captioned compound (2.5 g, yield: 80.6%). 
Further, the mass spector data well supported its structure. 
20 Mass analysis: 456 (M+1 ) 
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According to the process of Example 8, the following compounds (No. 272 to No. 293) are prepared: 
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Example 9 



Preparation of 3\5'-drfluoro-4'-cyanobiphenyl-4-yl 4-(trans-4-(propoxymethyl)cyclohexyl)benzoate (in the formula (1), 
R=C 3 H 7 , M.m.n and o=either, 1 , A 1 =trans-1 ,4-cyclohexylene group, A 2 and A 3 =both, 1 ,4-phenylene group, Z 1 and 
5 Z 3 =both covalent bond, Z 2 =-COO, X=CN, and Y t and Y 2 =both, F) (Compound No. 294) 

4-(Trans-4-(propoxymethyl)cyclohexyl)benzoate (2.0 g, 7.2 mmol) was mixed with thionyl chloride (1.3 g, 10.9 
mmol), pyridine (0. 1 m£) and toluene (4 rrtf), followed by reacting them at 80°C for 2 hours, and distilling off superfluous 
thionyl chloride and toluene under reduced pressure, to obtain raw 4-(trans-4-(propoxymethyl)cyclohexyl)benzoyl chlo- 



Next, 3\5'-difluoro-4'-cyano-4-hydroxybiphenyl (1.7 g, 7.2 mmol) was mixed with pyridine (0.8 m£) and toluene (3 
m£) t followed by dropwise adding to the mixture, a toluene 3 rr\£ solution of the above 4-(trans-4-(propoxyme- 
thyl)cyclohexyl)benzoyl chloride, at room temperature for 5 minutes, reacting the mixture at 50°C for 3 hours, adding 
water (15 nrtf) to the reaction product, extracting with toluene (50 m/), washing the resulting organic layer, three times 

is with 6N-HCX three times with 2N-NaOH and three times with water, drying over anhydrous magnesium sulfate, distilling 
off the solvent under reduced pressure, subjecting the residue to silica gel column chromatography (eluent: toluene), to 
obtain raw 3',5'-drfluoro-4'-cyanobiphenyl-4-yl 4-(trans-4-(propoxymethyl)cyclohexyl)-benzoate (3.4 g), and recrystalliz- 
ing this product from heptane/ether (1/1), to obtain the captioned compound (2.8 g, yield: 79.0%). 
Further, the mass spector data well supported its structure. 

20 Mass analysis: 490 (M+1) 
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According to the process of Example 9, the following compounds (No. 295 to No. 334) are prepared: 



No. 



295 CjH 5 

296 C 5 H„ 

297 CH 3 

298 C 3 H 7 

299 C S H„ 

300 CH 3 

301 C 4 H 9 

302 C3H7 

303 CtH s 

304 C 4 H 9 

305 QtHj 

306 C3H7 

307 C 8 H n 

308 C3H7 

309 QHs 

310 C4H9 

311 C 5 H„ 

312 QHs 

313 CH 3 



314 C,H 9 5 



Y, Y, 



F 

F 



F F 

F F 

F F 

F F 

F F 



-<O-O" C00H Q- 
-0~0" coo -Q- 

_ F 
-Q-O- C00 ^0- CN 

-0-O" coo ~0 _ CT3 

-Q-Q-coo-Qh- cf 3 

-O^Q~ COOH 0" ^3 F F 
^K^OO^ CFj F F 

_ F . F 

-Q-O-COO-0- CF 3 F F 

-O~O" C00 "O~ F F 

■H^>~O" C00H O~ Cp2H F F 

~0~C^ >_coo "0~ ct * h f f 
--0-0~ cooh C$- CT2H f f 

_ F F 
— CF 2 H F F 

— Q-hQ-COOhQ- OCF 3 F F 
-0-0 _C00 ^0~ OCF 3 F F 

-Crt~^)~ COO ~&~ 0CF3 F F 

F 

-ChO~ co °-C}- ocF > F F 

F 

-0-0- co °- 



F F Cr 185.3-189.3 N 2243 Iso 
F F Cr 84.1-84.9 N 191.0 Iso 
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OCF 2 H F F 

OCF 2 H F F 
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Example 10 



Preparation of 4-(trifluoromethyl)phenyl 4-(propoxymethyl)benzoate (in the formula (1), R=C 3 H 7 , M 9 m=1, n and 
o=both, 0, A 1= 1 ,4-phenylene group, Z 1= -COO-, X=CF 3 , and Y, and Y 2 =both, H) (Compound No. 335) 



4-(Propoxymethyl)benzoate (1 .4 g, 7.2 mmol) was mixed with thionyl chloride (1 .3 g, 1 0.9 mmol) , pyridine (0. 1 rrtf) 
and toluene (3 m/), followed by reacting them at 80°C for 2 hours, and distilling off superfluous thionyl chloride and tol- 
uene under reduced pressure, to obtain raw 4-(prcpoxymethyl)benzoyi chloride. 

Next, 4-(trrfluoromethyl)phenol (1 .2 g, 7.4 mmol) was mixed with pyridine (0.8 m£) and toluene (2 rrtf), followed by 
io dropwise adding to the mixture, a toluene 3 m£ solution of the above 4-(propoxymethyl)benzoyl chloride at room tem- 
perature for 5 minutes, reacting them at 50°C for 2 hours, adding water (15 m/), extracting with toluene (30 n\£), wash- 
ing the resulting organic layer three times with 6N-HC£, three times with 2N-NaOH and three times with water, drying 
over anhydrous magnesium sulfate, distilling off the solvent under reduced pressure, subjecting the residue to silica gel 
column chromatography (eluent: toluene), to obtain raw 4-(trifluoromethyl)phenyl 4-propoxymethyl)benzoate (2.1 g), 
15 and recrystallizing this product from heptane/ether (8/2), to obtain the captioned compound (1.7 g, yield: 70.8%). 
Further, the mass spector data well supported its structure. 
Mass analysis: 339 (M+1) 
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According to the process of Example 10, the following compounds (No. 336 to No. 409) are prepared: 
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No. R 
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Hereinafter, examples using the compound of the present invention as a component of liquid crystal compositions 
55 will be described. 

In the use examples, Nl, Ae, An, and V 10 , respectively represent clearing point (°C), dielectric anisotropy value, 
optical anisotropy value, viscosity at 20°C (mPa • s) and threshold voltage (V). 
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Example 11 (Use example 1) 

A liquid crystal composition consisting of the following cyanophenylcydohexane group compounds: 



4-(trans-4-propylcyclohexyl)benzonitrile 


24% 


by weight, 


4-(trans-4-pentylcyclohexyl)benzonitrile 


36% 


by weight, 


4-(trans-4-heptylcyclohexyl)benzonitrile 


25% 


by weight, 


and 4-(trans-4-pentylcyclohexyl)-4'-cyanobiphenyl 


15% 


by weight, 



has the following physical properties: 

Nl: 72.4, As: 1 1.0, An: 0.137, n.: 27.0 and 
is a V 10 in a cell thickness of 9 ^im: 1 .78. 

Compound No. 4 (15% by weight) was blended with the above composition (85% by weight), to obtain a nematic 
liquid crystal composition (a). The values of the physical properties of this liquid crystal composition were as follows: 
Nl: 54.8, Ae: 16.9, An: 0.130, rj: 31 .9 and 
V 10 in a cell thickness of 8.8 urn: 1 .02. 
20 This composition was allowed to stand in a freezer at -20°C, but deposition of crystals and smectic phase were not 
observed even after 60 days. 

Example 12 (Use example 2) 

25 A liquid crystal composition consisting of the following cyanophenylcydohexane group compounds: 




(4-(trans-4-propylcyclohexy1)benzonitrile 30% by weight, 
4-(trans-4-pentylcyclohexyl)benzonitrile 40% by weight, and 
4-(trans-4-heptylcyclohexyl)benzonitrile 30% by weight, 



has the following physical properties: 
35 Nl:52.3, Ae: 10.7, An: 0.1 19, r\\ 21.7, and 

V 10 in a cell thickness of 9 *im: 1 .60. 
A compound (No. 1 87) of Example 6 (1 5% by weight) was blended with the above composition (85% by weight), to 
prepare a nematic liquid crystal composition (b). The physical properties of this composition were as follows: 
Nl: 55.6, Ae: 17.5, An: 0.121, r\: 33.1 and 
40 V 10 in a cell thickness of 8.8 pm: 1 .06. 

This composition was allowed to stand in a freezer at -20°C, but deposition of crystals and smectic phase were not 
observed even after 60 days. 



45 
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Example 13 (Use example 3) 

The physical properties of nematic liquid crystal composition of composition example 19 were as follows: 

Nl: 92.1, An: 0.143, tj: 32.7, and V 10 in a cell thickness of 8.9 urn: 1.20. 
This composition was allowed to stand in a freezer at -20°C, but any deposition of crystals and smectic phase were 
not observed even after 60 days. 

Example 14 (Use example 4) 



The physical properties of nematic liquid crystal composition of composition example 29 were as follows: 
Nl: 79.1, Ae: 11.9, An: 0.139, r\: 25.8, Vth: 1.32. 
55 This composition was allowed to stand in a freezer at -20°C, but any deposition of crystals and smectic phase were 
not observed even after 60 days. 
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Example 15 (Use example 5) 

The physical properties of nematic liquid crystal composition of composition example 30 were as follows: 
Nl: 97.2, As: 21.1, An: 0.155, r\: 25.3, Vth: 1.22. 
5 This composition was allowed to stand in a freezer at -20°C, but any deposition of crystals and smectic phase were 

not observed even after 60 days. 

Example 16 (Use example 6) 

10 The physical properties of nematic liquid crystal composition of composition example 31 were as follows: 
Nl: 98.5, Ac: 11.8, An: 0.139, t]\ 36.2, Vth: 1.63. 
This composition was allowed to stand in a freezer at -20°C, but any deposition of crystals and smectic phase were 
not observed even after 60 days. 

15 Example 17 (Use example 71 

The physical properties of nematic liquid crystal composition of composition example 32 were as follows: 

Nl: 81.9, Ae: 22.6, An: 0.147, r\: 49.3, Vth: 1.07. 
This composition was allowed to stand in a freezer at -20°C, but any deposition of crystals and smectic phase were 
20 not observed even after 60 days. 

Example 18 (Use example 81 

The physical properties of nematic liquid crystal composition of composition example 33 were as follows: 
25 Nl: 81.0, Ae: 11.1, An: 0.126, ^: 35.8, Vth: 1.53. 

This composition was allowed to stand in a freezer at -20°C, but any deposition of crystals and smectic phase were 
not observed even after 60 days. 



30 
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Example 19 (Use example 9) 

The physical properties of nematic liquid crystal composition of composition example 34 were as follows: 

Nl: 76.7, Ae: 12.8, An: 0.123, t|: 28.8, Vth: 1.58. 
This composition was allowed to stand in a freezer at -20°C, but any deposition of crystals and smectic phase were 
not observed even after 60 days. 

Example 20 (Use example 101 



The physical properties of nematic liquid crystal composition of composition example 35 were as follows: 
Nl: 85.0, Ac: 12.7, An: 0.141, r\: 29.3, Vth: 1.51. 
40 This composition was allowed to stand in a freezer at -20°C. but any deposition of crystals and smectic phase were 
not observed even after 60 days. 

Example 21 (Use example 111 

45 The physical properties of nematic liquid crystal composition of composition example 36 were as follows: 

Nl: 74.9, Ae: 13.6, An: 0.131, n: 45.3, Vth: 1.33. 
This composition was allowed to stand in a freezer at -20°C, but any deposition of crystals and smectic phase were 
not observed even after 60 days. 

so Example 22 (Use example 12) 

The physical properties of nematic liquid crystal composition of composition example 37 were as follows: 

Nl: 76.1, Ac: 13.3, An: 0.135, r|: 23.4, Vth: 1.24. 
This composition was allowed to stand in a freezer at -20°C, but any deposition of crystals and smectic phase were 
55 not observed even after 60 days. 
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Example 23 (Use example 13) 

The physical properties of nematic liquid crystal composition of composition example 38 were as follows: 
Nl: 92.2, Ae: 10.5, An: 0.163, r)i 18.6, Vth: 1.68. 
5 This composition was allowed to stand in a freezer at -20°C, but any deposition of crystals and smectic phase were 

not observed even after 60 days. 

Example 24 (Use example 14) 

io The physical properties of nematic liquid crystal composition of composition example 39 were as follows: 
Nl: 89.3, Ac: 16.8, An: 0.141, t]: 29.6, Vth: 1.30. 
This composition was allowed to stand in a freezer at -20°C, but any deposition of crystals and smectic phase were 
not observed even after 60 days. 

is Example 25 (Use example 15) 

The physical properties of nematic liquid crystal composition of composition example 40 were as follows: 

NL92.1, Ae: 17.1, An: 0.143, r\: 32.7, Vth: 1.20. 
This composition was allowed to stand in a freezer at -20°C, but any deposition of crystals and smectic phase were 
20 not observed even after 60 days. 

Example 26 

With regard to the liquid crystal composition (a) obtained in Example 11, and Comparative liquid crystal composi- 
25 tion (c) obtained in the same manner as in Example 1 1 except that 3,5-difluoro-4-cyanophenyl=4-pentyl benzoate out- 
side the range of the present invention was used in place of No. 4 compound, the respective temperature changes in 
the threshold voltages were measured. The results are shown in Fig. 1 . 

In addition, in the figure, the longitudinal axis refers to V 10 (V), and the lateral axis refers to a value (°C) obtained by 
substracting the clearing point (Nl) of the liquid crystal composition from the measured temperature (T). 
30 As apparent from the figure, the change in the threshold voltage within the measured temperatures, is 6.3 mV/°C 
in the case of the liquid crystal composition (a) of the present invention, whereas it is 7.3 mV/°C in the case of the liquid 
crystal composition (c); thus it was found that the temperature change of the liquid crystal composition of the present 
invention was smaller. Accordingly, it is possible to provide a liquid crystal display element having a higher grade. 

35 Exgmple 27 

With regard to the liquid crystal composition (b) of the present invention obtained in Example 12, and a comparative 
liquid crystal composition (d) obtained in the same manner as in Example 12 except that 3,5-dif Juoro-4-cyanophenyl 4- 
(trans-4-butylcyclohexyl)benzoate outside the range of the present invention was used in place of compound No. 187, 
40 the respective temperature changes in the threshold voltages were measured. The results are shown in Fig. 2. 

As apparent from the figure, the change in the threshold voltage within the measured temperatures, is 5.3 mV^C 
in the case of the liquid crystal composition (b) of the present invention, whereas it is 6.3 mV/°C in the case of the liquid 
crystal composition (d); thus it was found that the temperature change of the liquid crystal composition of the present 
invention was smaller, as in Example 26. Accordingly, it is possible to provide a liquid crystal display element having a 
45 higher grade. 

Effectiveness of the Invention 

As seen from the foregoing any of the compounds of the present invention have a large dielectric anisotropy value, 
so a small change in the threshold voltage value depending upon temperatures, and an improved solubility in other liquid 
crystal materials at lower temperatures. 

Accordingly, when the compound of the present invention is used as a component of liquid crystal compositions, it 
is characterized by exhibiting a superior solubility in other liquid crystal materials, and when six-membered ring, sub- 
stituent and/or bonding group as molecule-constituting elements are adequately selected, it is possible to provde novel 
55 liquid crystal compositions having desired physical properties. 
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Claims 

1. A liquid crystalline compound expressed by the formula (1): 

R-0-(CH 2 )-{ Al — 2,Ha 2 - Z 2 Ha 3 - 2 3 )-Ci- 



X (1) 



10 



wherein R represents an alkyl group of 1 to 10 carbon atoms; t represents an integer of 1 to 9; m, n and o each 
independently represent 0 or 1 ; A 1 , A 2 and A 3 each independently represent trans- 1 ,4-cyclohexylene group, or 1 ,4- 
15 phenylene group, pyrimidine-2,5-diyl group, pyridine-2,5-diyl group or 1 ,3-dioxane-2,5-diyl group, one or more 
hydrogen atoms on the rings of which groups may be replaced by F; Z^ , Z 2 and Z 3 each independently represent - 
COO-, -(CH 2 ) 2 - or a covalent bond at least one of which represent -COO-; X represents CN, CF 3 , CF 2 H, CFH 2 , 
OCF 3 or OCF 2 H; Y-j and Y 2 each independently represent H or F, but when X represents CN, Y-| and Y 2 both rep- 
resent F. 

20 

2. A liquid crystalline compound according to claim 1 , wherein m represents 1 ; n and o represents 0; A 1 represents 
1 ,4-phenylene group, one or more hydrogen atoms on the ring of which group may be replaced by F; and Z^ rep- 
resents -COO-. 

25 3. A liquid crystalline compound according to claim 1 , wherein m and n each represent 1 ; o represents 0; A 1 and A 2 
each represent 1 ,4-phenylene group, one or more hydrogen atoms on the ring of which group may be replaced by 
F; and Z-, represents -COO-. 

4. A liquid crystalline compound according to claim 1 , wherein m and n each represent 1 ; o represents 0; repre- 
30 sents 1 ,4-phenylene group, one or more hydrogen atoms on the ring of which group may be replaced by F; A2 rep- 
resents trans-1 ,4-cyclohexylene group; and Z 1 represents -COO-. 

5. A liquid crystalline compound according to claim 1 , wherein m and n each represent 1 ; o represents 0; A 1 repre- 
sents trans-1 ,4-cyclohexylene group; A 2 represents 1 ,4-phenylene group, one or more hydrogen atoms on the ring 

35 of which group may be replaced by F; and Z 2 represents -COO-. 

6. A liquid crystalline compound according to claim 1 , wherein m and n each represent 1 ; o represents 0; A 1 and A 2 
each represent 1 ,4-phenylene group, one or more hydrogen atoms on the ring of which group may be replaced by 
F; and Z 2 represents -COO-. 

40 

7. A liquid crystalline compound according to claim 1 , wherein m and n each represent 1 ; o represents 0; A 1 represent 
trans-1, 4-cyclohexylene; A 2 represents 1 ,4-phenylene group, one or more hydrogen atoms on the ring of which 
group may be replaced by F; Z 1 represents -(CH 2 )-; and Z 2 represents -COO-. 

45 8. A liquid crystalline compound according to claim 1 , wherein m, n and o each represent 1 ; A-, represents trans-1 ,4- 
cyclohexylene group; A 2 and A 3 each represent 1,4-phenylene group, one or more hydrogen atoms of on the ring 
of which group may be replaced by F; Z 1 and Z 3 each represent a covalent bond; and Z 2 represents -COO-. 

9. A liquid crystal composition characterized by containing at least one member of the liquid crystalline compound set 
50 forth in either one of claims 1 to 8. 

10. A liquid crystal composition characterized by containing as a first component, at least one member of the liquid 
crystalline compounds set forth in either one of claims 1 to 8, and as a second component, at least one member 
selected from the group consisting of compounds expressed by the following formulas (2), (3) and (4): 

55 
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10 



15 



(2) 



(3) 



(4) 



20 

In these formulas, represents an alkyl group of 1 to 10 carbon atoms; represents F, C£, OCF 3 , OCF 2 H, 
CF 3t CF 2 H or CFH 2 ; L 1p L 2 , L 3 and U each independently represent H or F; Z 4 and Z 5 each independently repre- 
sent -(CH^-, -CH=CH- or a covalent bond; and a represents 1 or 2. 

25 11. A liquid crystal composition characterized by containing as a first component, at least one member of the liquid 
crystalline compounds set forth in either one of claims 1 to 8, and as a second component, at least one member 
selected from the group consisting of compounds expressed by the following formulas (5). (6), (7), (8) and (9): 



30 



35 



40 



45 



50 




_/=N f/=s\ /= 

R3 V P flV^77\_J hF 



1-9 

R 5 ~<2>-Z, 0 --^H)-Z n -R 6 
R 7 -(7)-Z I2 — (7]>--Z,3-{^^2, 4 -^k)-R 8 



(5) 



(6) 



(8) 



(9) 



55 



In the formula (5), R 2 represents F, an alkyl group of 1 to 10 carbon atoms or an alkenyl group of 2 to 1 0 carbon 
atoms, one or more non-adjacent methylene groups (-CH 2 -) in the alkyl group or the alkenyl group may be replaced 
by oxygen (-O-); ring A represents trans- 1 ,4-cyclohexylene group, 1 ,4-phenylene group, pyrimidine-2,5-diyl group 
or 1 ,3-dioxane-2,5-diyl group; ring B represents trans- 1 ,4-cyclohexylene group, 1 ,4-phenylene group or pyrimidine- 
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2,5-diyl group; ring C represent trans-1 ,4-cyclohexylene group or 1 ,4-phenylene group; Z$ represents -(CH 2 ) 2 -. - 
COO- or a covalerrt bond; L 5 and Le each independently represent H or F; b and c each independently represent 0 
or 1 . 

In the formula (6), R 3 represents an alkyl group of 1 to 10 carbon atoms; L 7 represents H or F; and d represents 
5 0 or 1 . 

In the formula (7), R 4 represents an alkyl group of 1 to 10 carbon atoms; rings D and E each independently 
represent trans-1 ,4-cyclohexylene group or 1 ,4-phenylene group; 2 7 and Z 8 each independently represent -COO- 
or a covalerrt bond; Z 9 represents -COO- or -C-C-; L 8 and Lq each independently represent H or F; X 2 represents 
F, OCF 3 , OCF 2 H, CF 3 , CF 2 H or CFH 2 , but when X 2 represents OCF 3 , OCF 2 H 2 , CF 3 , CF 2 H or CFH 2 , L 8 and Lg both 
10 represent H; and e, f and g each independently represent 0 or 1 . 

In the formula (8) , R 5 and R 6 each independently represent an alkyl group of 1 to 1 0 carbon atoms or an alkenyl 
group of 2 to 10 carbon atoms, and in either of the groups, one or more non-adjacent methylene groups (-CH 2 -) 
may be replaced by oxygen (-0-); 

ring G represents trans-1 ,4-cyclohexylene group, 1 ,4-phenylene group or pyrimidine-2,5-diyl group; ring H 
15 represents trans-1, 4-cyclohexylene group or 1,4-phenylene group; Z 10 represents -C-C-, -COO-, -(CH 2 ) 2 -, - 
CH=CH-C^C-or a covalent bond; and 1 represents -COO- or a covalent bond. 

In the formula (9), R 7 and R 8 each independently represent an alkyl group of 1 to 1 0 carbon atoms or an alkenyl 
group of 2 to 10 carbon atoms, and in either of the groups, one or more non-adjacent methylene groups (-CH 2 -) 
may be replaced by oxygen (-O-); ring I represents trans-1, 4-cyclohexylene group, 1,4-phenylene group or pyrimi- 
20 dine-2,5-diyl group; ring J represents trans-1 ,4-cyclohexylene group, or 1 ,4-phenylene group, or pyrimidine-2,5-diyl 
group, one or more hydrogen atoms on the rings of which groups may be replaced by F, ring K represents trans- 
1 ,4-cyclohexylene group or 1,4-phenylene group; Z 12 and Z 14 each independently represent -COO-, -(CH^- or a 
covalent bond; Z 13 represents -CH=CH-, -C=C-, -COO- or a covalent bond; and h represents 0 or 1 . 

25 12. A liquid crystal composition, characterized by containing as a first component, at least one member of the liquid 
crystalline compounds set forth in either one of claims 1 to 8, as a part of a second component, at least one mem- 
ber selected from the group consisting of the compounds expressed by the formulas (2), (3) and (4) set forth in 
claim 10, and as another part of the second component, at least one member selected from the group consisting 
of the compounds expressed by the formulas (5), (6), (7), (8) and (9) set forth in claim 11. 

30 

13. A liquid crystal display element composed of a liquid crystal composition set forth in either one of claim 9 to 12. 

14. A phenol derivative as a raw meterial for a liquid crystalline compound, expressed by the formula (1 -a): 



35 



40 



HO-fA 3 



(1-a) 



wherein A 3 represents trans-1, 4-cyclohexylene group or 1,4-phenylene group one or more of hydrogen atoms on 
the ring of which group may be replaced by F, X represents CF 3 , CF 2 H, CFH 2 , OCF 3 or OCF 2 H, Y-j represents H 
or F, o represents an integer of 0 or 1 , but when o represents 0, and X represents CF 3 , Y-, represents H. 



50 
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